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R eprinted from  the Journal of the C hem ical Society, 1926.
CCCLIII.—The Complex Salts of a/By-Triaminopropane 
with Copper and Platinum.
By F r e d e r ic k  G e o r g e  M a k k .
M o s t  complex salts of bivalent copper can be grouped into two 
classes, viz., those in which the m etal shows a co-ordination number 
of 4, such as tetramminocupric chloride, [Cu(JSfH3 )4]Cl2, and bis- 
ethylenediaminecupric chloride, [Cu(NH2*CH2*CH2*NH2)2]C12 ; and 
those in which it shows a co-ordination number of 6 , such as hex-
2681
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amminocupric chloride, [Cu(NH3)6]C12, and trisethylenediamine- 
cupric chloride, [Cu(NH2,CH2,CH2*NH2)3]C12. Salts of the la tter 
class are, however, considerably less stable than  those of the former 
class, and usually revert readily, for instance, on attem pted recrystal­
lisation from water, to the corresponding compounds in which the 
copper has a co-ordination number of 4. I t  has been shown in the 
previous paper (p. 2676) th a t the bistriaminopropane metallic com­
plex salts possess great stability, and th a t bistriaminopropanenickel 
iodide, [Ni{NH2*CH2*CH(NH2)*CH2*NH2}2]I2, for instance, shows no 
perceptible tendency to  revert to a compound in which the nickel 
shows a co-ordination number of 4 : in fact, no such compounds 
have yet been isolated. I t  was therefore considered probable th a t 
a compound of the type of bistriaminopropanecupric chloride, 
[Cu{NH2-CH2-CH(NH2)-CH2-NH2}2]C12, would also be sufficiently 
stable to  allow of its isolation and purification, and attem pts were 
made to  prepare such a compound in the hope th a t it m ight show 
the isomerism which the corresponding cobalt, rhodium, and nickel 
salts had failed to reveal.
When triaminopropane was added to an aqueous solution of a 
cupric salt, co-ordination a t once occurred with the production of 
the usual characteristically deep violet colour. From such a 
solution, however, no complex salt of triaminopropane and copper, 
in which the latter shows a co-ordination number of 6 , could be 
obtained. Instead, two complex salts of unexpected and novel 
types, in both of which the metal shows a co-ordination number of 4, 
were isolated. If copper, whilst showing a co-ordination number 
of 4, is to be completely saturated with a triamine, three atoms of 
the metal should unite with four molecules of the base : a complex 
of this type has now been isolated, for when potassium iodide was 
added to  the above violet solution, tetratriaminopropanetricupric 
hexaiodide (I) slowly separated. This hexaiodide, and the corre­
sponding hexathiocyanate, which has also been prepared, are quite
(I.) [Cu3{NH2-CH2*Cn(NH2)-CH2-NH2}4] I6. ■
(II.) [Cu{NH2-CH2-CH(NH2)-CH2-NH2 ,HSCN}2](SCN)2.
(III.) [Cu{NH2-CH2-CH(NH2 ,HSCN)-CH2-NH2}2](SCN)2.
insoluble in cold water, as would be expected in view of their high 
molecular weight, and slowly decompose when boiled with water.
If, however, an aqueous solution of potassium thiocyanate acidified 
with acetic acid is added to  the original violet copper solution, 
there separates a highly crystalline, stable compound, which can 
be obtained pure by recrystallisation from hot water. This com­
pound is bis(triaminopropanemonothiocyanate)cupric thiocyanate (II), 
in which the copper is linked to two molecules of the triamine but,
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as it still has a co-ordination number of 4, to only two amino- 
groups in each molecule of the triamine, the th ird  amino-group in 
each case forming a salt with thiocyanic acid.f The complex itself 
is here bivalent, but since the thiocyanate radicals joined to the 
unco-ordinated amino-groups are also ionised, the compound in 
solution gives four thiocyanate ions. Two possibilities arise here. 
The copper may be co-ordinated to  the a(3-diamino-groups, leaving 
the y-amino-group free to form the thiocyanate salt, as in (II), 
or the copper m ay co-ordinate with the ay-diamino-groups, leaving 
the p-amino-group free to  form the thiocyanate, as in (III).
In  the former compound (II), the triamine is acting, for co-ordin­
ation purposes, as a substituted ethylenediamine, and gives with 
the copper a five-membered ring (IV), whilst in the latter com-, 
pound (III), the triamine is acting as a substituted trimethylene- 
diamine, and thus gives with the metal a six-membered ring (V). 
For this reason, it  is to  be expected th a t the compound (II) would 
prove rather more stable than  (III). On the other hand, con­
sideration of the constitutional formulae of the two compounds shows 
th a t the latter, having the ay-diamino co-ordination linking, 
possesses far greater symmetry than  the former and might there­
fore be of a t least equal stability. Thus if the copper is co-ordinated 
through the a[3-diamino-groups of the triamine molecule, the 
y-amino-groups, which form the thiocyanate salts, are not actually 
part of the metallic complex, and the compound (II) m ay be 
written in full as (IV). The two carbon atoms marked * are now
(SCN) 2
NH 2-CH2-CH(NH2)- 
Cu
n 'h 2-c h 2-c h '(n h 2)-
n h 3-s c n
n h 2- c h 2- c h - c h 2- n h 2
'  Cu
NHg-CH^C H ‘CH2*NH2 _
n h 3-s c n
-CKL-NHvSCN
(iv.)
c h 2- n h 3-s c n
(SCN) 2 (V.)
f  This compound m ay be com pared w ith  triglycerylcupric sulphate, 
Cu{H0-CH 2-CH(0H)"CH2-0H}3]S04, where only two of the  three hydroxy- 
groups in  the trihydroxypropane molecule are co-ordinated to  the  m etal.
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asymmetric, since they are linked on one side to  an aminomethyl don:
group (-CH2*NH2* • •) and on the other to a methylene-ammonium chic
radical (-CH2*NH3~). The compound should therefore be capable reac
of existing in dextro-, lsevo-, racemic, and meso-forms. More­
over, if the four co-ordination valencies of the copper atom are ; 
directed to the apices of a regular tetrahedron, the copper atom 
is itself asymmetric, and the dextro-, lsevo-, and meso-compounds  ^ .
should each exist in two forms, in which the copper has the d- and 
the Z-configuration, respectively. . . possThe compound having the ay-diamino co-ordination linking (V) f  ^ 
has, on the other hand, a highly symmetric complex containing no 
asymmetric carbon or copper atoms, and might therefore, in spite , 
of its six-membered ring, prove even more stable than  th a t shown 
in (II). The constitution of the compound would be decided by ^
its resolution into optically active forms, but in view of the intense guej
violet colour of its solutions, no such attem pts have yet been 
made.
This co-ordination of a metallic atom to two of the three amino- 
groups of triaminopropane is not limited to copper. I t  has been 
shown by Curtius and Hesse (J. pr. Chem., 1900, 62, 232) th a t ^
triaminopropane trihydrochloride gives a chloroplatinate of com­
position C3H 5(NH2)3,3HCl,PtCl4. If the chloroplatinate is boiled a( u^< 
in aqueous solution with an excess of the trihydrochloride of the 
base, a crystalline, canary-yellow compound, having the com­
position C3H 5 (NH2)3, HC1, PtCl4, separates with a molecule of water ^  
of crystallisation, which may be easily driven off. This suggests 
th a t here again the metal has co-ordinated with two of the three gja^ ' 
amino-groups, leaving the third free to  form a hydrochloride, and ^  , 
th a t the compound is actually tetrachloro(triaminopropane mono- ~ ’ ' 
hydrochloride) platinum, [Cl4PtN H 2*CH2*CH(NH2),CH2 'N H 2 ,HCl], ’. . 
having the constitution (VI) or (VII). Here the complex itself, 
consisting of quadrivalent platinum co-ordinated to two basic and
W 
cold 
occu 
of te
NH 2-CH2-CH(NH2)- - c h 2- n h 3ci n h 3ci
~ n h 2- c h 2- c h - c h 2 - n h 2~
. w
/ A \
L Cl Cl Cl Cl
P t '
/ A \  
Cl Cl Cl Cl
mixe 
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(VI.) (VII.) cont
four acidic groups, is neutral and non-ionic, bu t the unco-ordinated ^ j 
amino-group, by uniting with hydrogen chloride to give a sub- by tl 
stituted ammonium chloride, furnishes one chloride ion. This is plane
a{3y-TRIAMINOPROPANE WITH COPPER AND PLATINUM. 2685-
iyi confirmed by the fact th a t when the compound is treated with, 
im chloroplatinic acid, this unco-ordinated amine-hydrochloride group 
ble reacts normally to give a chloroplatinate of the composition
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{[Cl4PtN H 2-CH2-CH(NH2 )-]-CH 2-NH2}2 ,H2PtCl6.
Here again, if the platinum in the parent compound is co-ordinated 
to the ap-diamino-groups, as shown in (VI), the carbon atom  
marked * becomes asymmetric, although the complex itself m ay 
possess a plane of symmetry, f  If, on the other hand, the metal 
1 ' is linked to the ay-diamino-groups, as in' (VII), no asymmetric 
carbon atom exists. platinum  compound is thus simpler in
type than the previous copper compound* and its resolution into- 
optically active forms should decide whether in this type of complex 
y salt the metal is co-ordinated to  the a(3- or the ay-diamino-groups. 
Such attem pts are now being made.
ao- 5 E x p e r i m e n t a l .
36n' ^ Tetratriaminopropanetricupric Hexaiodide (I).—A solution of 
triaminopropane trihydrochloride monohydrate (19-0 g.) in 15% 
led a 9 .ueous sodium hydroxide (64-0 c.c.) was added to  one of hydrated. 
I_ke cupric sulphate (10-0 g.) in water (50 c.c.); to  the deep violet 
solution, after 2  hours, cold saturated potassium iodide solution 
ter Was added. After 12 hours, the precipitate was filtered off, washed, 
with water until the wash liquors were colourless, and dried. Tetra- 
triaminopropanetricupric hexaiodide was thus obtained as a fine,. 
, slate-blue powder, m. p. 236—237° (decomp.) (Found: 0, 11*0; 
H, 3-4; N, 12-7; I, 57-8; Cu,.. 14-4. C^H^N^IeCug requires, 
C, 11-0; H, 3-4; N, 12-8; I, 58-2; Cu, 14-6%). Warming the 
original solution before the addition of the potassium iodide resulted. 
^ in the hexaiodide giving slightly low values for iodine, due pre­
sumably to  hydrolysis.
When a solution of potassium thiocyanate, freshly prepared in  
cold water, was added to the original solution, slow precipitation 
occurred and continued for several hours. The first crop consisted 
of tetratriaminopropanetricupric hexathiocyanate,
[Cu3{NH2-CH2*CH(NH2 )-CH2-NH2}4](SCN)6, 
mixed with the dithiocyanate described below : i t  was washed 
with water to remove the soluble dithiocyanate. The second crop 
contained much less dithiocyanate and required less washing to
ted .j. L ^ e ra l displacement of the central carbon atom  in  the  propane molecule 
ub- by  the /9-amino-group (discussed in  the  previous paper) m ight destroy th is 
3 is plane of sym m etry and render the complex itself dissymm etric.
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give the pure hexathiocyanate. The latter was thus obtained in 
small, deep violet crystals, in. p. 184—185° (decomp.) (Found : The
C, 24-3; H, 4*9; N, 27-8; S, 21-7; Cu, 21-1. C^H^NigSgCug (trio 
requires C, 24-1; H, 4-95; N, 28-2; S, 21-5; Cu, 21-3%). cam
Bis(triaminopropanemonothiocyanate)cupric Thiocyanate (II).—A vaci 
concentrated aqueous solution of potassium thiocyanate diluted 2*9, 
with a small quantity  of acetic acid was added to the original violet re(B 
copper solution; deep violet crystals rapidly separated. After 
some time, these were filtered off, washed, and recrystallised from w^- 
water, the thiocyanate being thus obtained in long needles or prisms, 2  
m. p. 174—175° (decomp.). For analysis, the ionised thiocyanate 
was estimated by precipitation with silver n itrate (a) in cold aqueous crys 
solution containing a few drops of dilute nitric acid, which destroyed ami] 
the complex salt, (6 ) in cold neutral solution, in which the complex ^  
was stable [Found in different preparations : C, 25-2, 25*2; H, 5*1, Ptati 
5-1; 1ST, 29-4; S, 26-8; Cu, 13-4, 13-4; SON (a) 48*8, (b) 49-3. 
C10H 24N 10S4Cu requires C, 25-2; H, 5-1; N, 29-4; S, 26-9; Cu, ~ A 
13-4; 4SCJNT, 48*8%]. . . clilo
If the potassium thiocyanate solution used in the preparation -^ a(  ^
has previously been kept for several days or heated on the water- ^ne 
bath  for a few hours, it  becomes sufficiently acid by partial hydrolysis 
to  precipitate the above thiocyanate, w ithout any addition of acetic C 0 ^01 
acid. The salt separates under these conditions more slowly than s o ^u1 
when the potassium thiocyanate contains acetic acid, and may form ^ne 
crystals 1 — 2  cm. in length. ^ 6®:
Bis(triaminopropanemonohydrobromide)cupric Bromide Dihydrate, 
[Cu{NH2 • CH2 • CH(NH2) • CH2 • NH 2, HBr}2]Br2 ,2H 20 . — A warm, hVdr' 
aqueous solution of the thiocyanate was treated with silver nitrate so^  
(4 mols.) and the filtered solution was evaporated to  very small sa^U] 
bulk, and, when cool, diluted with a saturated aqueous solution ^ our 
of sodium bromide. The crystalline bromide which separated was and 
too soluble in water to be recrystallised. Its  aqueous solution was so^  
therefore diluted with alcohol until faintly turbid and then filtered. mm< 
On keeping over-night, it  deposited the bromide in deep violet dark 
crystals (Found: C, 12-2; H, 4-7; N, 13-7; Br, 53-5; H 20 , 6-3. ^  ^ 
C6H 280 2N 6Br4Cu requires C, 12-0; H, 4-7; N, 14-0; Br, 53-3; re(lu 
2H 2 0, 6-0%). T‘
Tetrachloro(triaminopropanemonohydrochloride)platinum Mono■ a9.ue 
hydrate, [Cl4PtN H 2-CH2 -CH(NH2)-CH2-NH2 ,HCl]H20 .—An aqueous c^ an 
solution containing triaminopropane trihydrochloride ( 2  mols.) P ^ *  
and chloroplatinic acid was boiled under reflux for 3 hours, the ma^€ 
orange-red colour becoming pale yellow, then heated on the water- 
bath  for 3 hours with the occasional addition of water, and finally P ^ *  
evaporated to small bulk ; fine, yellow crystals separated on cooling.
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in
. These, when recrystallised from a little water, gave tetrachloro- 
(triaminopropanemonohydrochloride)platinum monohydrate as fine, 
canary-yellow crystals, which lost water of crystallisation in a 
vacuum a t 110° (Found in different preparations: C, 7-6, 7-5; H, 
ted 2-9, 2-9; P t, 40-6, 40-6; Cl, 37-0, 37-1; H 20 , 3-85. C3H 14ON3Cl5P t 
)let requires 7 .5 ; H, 2*9; P t, 40-6; Cl, 36*9; H aO, 3-75%). The 
'ter hydrate darkened a t about 255° and melted a t 272—273° (decomp.), 
om whilst the anhydrous material darkened in the same way and melted 
tns a t 273—274° (decomp.): the dehydration had not therefore changed 
ate the essential nature of the compound. The molecule of water of 
ous crystallisation may be attached to  the complex itself or to the free 
^ed amine-hydrochloride group.
,lex TetracJiloro(triaminopropanemonoliydrocliloride)platinum Chloro-
5 4  platinate Monohydrate,
y 3’ {[Cl4PtN H 2-CH2-CH(NH2)-]-CH2-NH2 ,HCl}2PtCl4 ,H 20 .
qu —A cold concentrated aqueous solution of the above monohydro­
chloride was added to  a strong solution of chloroplatinic acid which 
ton had previously been nearly neutralised with sodium carbonate. A 
36r. fine precipitate slowly separated and when recrystallised from a 
pgjg little hot water gave the chloroplatinate as a fine yellow-orange 
3tic coloured powder, which did not m elt below 290° : the original 
ran solution slowly gave a further crop of the chloroplatinate as 
)rm fine needles (F ound : C, 5-5; H, 2-1; Cl, 38-9; P t, 45-7.
C6H 26ON6Cl14P t3 requires C, 5-6; H, 2*05; Cl, 38*8; P t, 45*7%). 
ale Tetrabromo{triaminopropanemonohydrochloride)platinum Mono-
rm’ hydrate, [Br4PtN H 2-CH(NH2)-CH2-NH2 ,HCl]H20 .—An aqueous
,a£e solution of the original tetrachloro-compound was mixed with a 
lall sa^urated aqueous solution of potassium bromide, and after 24 
4on hours the yellowish-red crystals which had separated were collected 
^ag and recrystallised from a little water, in which they were very 
tvag soluble. Tetrabromo(triaminopropanemonohydrochloride)platinum 
,ed monohydrate was thus obtained in fine, orange crystals, which 
darkened a t about 245° and melted a t 262—263° (decomp.) [Found : 
B.3  C, 5-4; H, 2-1; (4Br +  Cl), 53-8; P t, 29-8. C3H 14ON3ClBr4P t 
j.g j requires C, 5-5; H, 2 -1 ; (4Br +  Cl), 53-9; P t, 29-6%].
Tetrachloro(triaminopropanemonohydrochloride)platinum gave in 
mo- aqueous solution an unexpected reaction with potassium thio- 
ous cyanate> since the mixed solutions slowly deposited potassium 
>ls) P^hknthiocyana.te, K 2Pt(SCN ) 6 (Found, for the recrystallised 
the m aterial: C, 11-7; N, 13-2. Calc, for C6N 6S6K 2P t : C, 11-6; N, 
ber- ^ -5 % ). AdHionium thiocyanate solution similarly gave ammonium 
platinithiocyanate, (NH4)2Pt(SCN ) 6 (Found: P t, 33-8. Calc, for 
ing. C6H 8N 8S_6P t : P t, 33-7%).
Potassium and ammonium chloride solutions did not give pre-
•2688 MANN : THE COMPLEX SALTS OF a-TH IAM IN O PRO P ANE, ETC.
•cipitates of the corresponding chloroplatinates even after several OX 
days : these solutions on keeping would not, however, develop the 
^cid properties of the thiocyanate solutions.
T h e  U n i v e r s i t y  C h e m i c a l  L a b o r a t o r y ,
C a m b r id g e .  [Received, August 30<7i, 1926.]
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CJjXNlTL.—Tetrachloro(triaminopropane - 7 - monohydro- 
chloride)platinum, aw Optically Active Complex 
Salt of a New Type.
By F r e d e r ic k  G e o r g e  M a n n .
I t  has recently been shown by the present author (J., 1926, 2681) 
th a t a Py-triaminopropane, NH 2*CH2*CH(NH2)‘CH2*NH2, co-ordin­
ates with platinum and copper to give two complex salts of novel 
type, in which only two of the three amino-groups in the triam ino­
propane molecule are joined to  the metal, the th ird  being free for 
normal salt formation with acids. Quadrivalent platinum  thus 
gives tetrachloro (triaminopropane - monohydrochloride)platinum, 
Cl4Pt,N H 2-CH2*CH(NH2)-CH2-NH2,HCl (I). Here the metallic 
complex consists of platinum, of co-ordination number 6 , linked 
bo four chlorine atoms and to  two of the three amino-groups of the 
base: it is therefore neutral and non-ionic, being, in its co-ordination 
linkages, of the same general type as tetrachloroethylenediamine- 
platinum, [Cl4PtN H 2*CH2*CH2vNH2]. Since, however, the th ird  free 
amino-group, being unco-ordinated and outside the ring, forms a 
hydrochloride, the compound in solution furnishes one chlorine ion.
Such a compound m ay exist in two alternative forms. The 
platinum  may either be co-ordinated to  the a- and p-amino-groups, 
leaving the y-amino-group free to  form the monohydrochloride (II), 
in  which case the triamine is acting for co-ordination purposes as a 
substituted ethylenediamine, or, alternatively, the platinum  may 
be co-ordinated to the a- and y-amino-groups, leaving the p-amino- 
group free to  form the hydrochloride ( I I I ) ; in this case the 
triamine is acting as a substituted trimethylenediamine. A possible 
method of deciding between these two alternative constitutions 
was a t once suggested by the fact th a t co-ordination through the 
a- and p-amino-groups (II) causes the carbon atom marked * 
to  become asymmetric, since it  is linked on the one hand 
to  a methylene-amino-group (*NH2,CH2‘) and on the other to  a 
methylene-ammonium radical (•CH2*NH3*). Such a compound 
should therefore be capable of resolution into optically active forms.
(II.)
CH2-NH3C1 NH 3C1
t* 3 __ m r  ' 3
n h 2- c h 2*ch * n h 2
""p t
. cln'icih
n h 2- c h 2- c h - c h 2- n h 2
 pt"
v7\ \Cl Cl Cl 01
(III.)
Co-ordination through the ay-diamino-groups (III) gives, however, 
a symmetrical compound which cannot be so resolved.
1224 ;
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Attem pts were therefore made to resolve this compound by 
•converting the hydrochloride of the free amino-group into the 
corresponding d-camphor-0 -sulphonate. The latter compound on 
fractional recrystallisation from water gave finally l-tetrachloro- 
(triaminopropane-mono - d - camphor - 0  - sulphonate)platinum, having 
[A f]^  == — 426°. This compound on treatm ent w ith calcium 
chloride gave the 14etrachloro(triaminopropane-monohydrochloride)- 
platinum  of 1 — — 502°. The racemic product was then 
converted into the I-camphor- 0 -sulphonate, which on recrystallis­
ation furnished similarly d-tetrachloro(triaminopropane-mono-\-cam- 
phor-$-sulphonate)platinum, having [A f]^  =  +  424°, which was in 
tu rn  converted into the d4etrachloro(triaminopropane-monohydro- 
chloride)platinum of [A f]^  =  + 5 0 1 ° . The two optically active 
monohydrochlorides differ further from the racemic compound in 
th a t they crystallise in the anhydrous form, whilst the racemic 
compound has one molecule of water, which is not readily removed 
(Mann, loc. cit.).
I t  follows from these results th a t the platinum  compound has 
the constitution (II), i.e., th a t the triaminopropane co-ordinates with 
platinum  more readily through the a- and 0 -amino-groups to  form 
a  five-membered ring compound having an asymmetric element, 
than  through the a- and y-amino-groups, whereby a six-membered 
ring compound of high symmetry would have been formed.
I t  should be emphasised th a t not only is this platinum  compound 
of entirely novel type, bu t the cause of its optical activity also is 
novel. All optically active complex salts hitherto recorded have 
owed their activity to  one (or both) of two factors. E ither the 
complex itself has been dissymmetric, and therefore capable of 
resolution, e.g., the trisethylenediaminecobaltic complex,
[Co (NH2*CH2*CH2*NH2)3]'" , 
or, alternatively, the complex has contained a constituent dis­
symmetric molecule which has been resolved before the preparation 
of the complex salt. Thus d-a0 -propylenediamine,
NH 2-CH2-CH(NH2)-CH3, 
gives a d-trispropylenediaminecobaltic complex, 
[Co{NH2-CH2-CH(NH2)-CH3}3]'" , 
the activity of which is due to the active nature of the constituent 
amine molecules : here, however, the complex also is itself dis­
symmetric, and a secondary activity can be manifested by the 
complex as a whole. In  the platinum compound under discussion, 
however, asymmetry of the central (or 0 ) carbon atom is induced 
b y  the mode of co-ordination of the triaminopropane molecule and 
by the consequent orientation of the co-ordination linkages : the 
asym m etry of this element therefore does not arise until the co-
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by ordination compound itself is formed. This is the first case to  be 
he recorded in which the asymmetry of a carbon atom arises from the 
on operation of auxiliary valencies.
r°- Attem pts have been made to  replace the four co-ordinated
ng chlorine atoms in tetrachloro (triaminopropane-monohydrochloride)- 
im platinum with further basic groups by treating the compound in 
e)* solution with ammonia and with ethylenediamine. The action of 
en SUch bases is, however, solely to withdraw the hydrogen chloride 
is- from the free amino-group : the la tter a t ohce co-ordinates with the 
m- platinum, expelling a chlorine atom from the complex, and the 
hi insoluble trichlorotriaminopropaneplatinic monochloride, 
ro- [Cl3PtN H 2-CH2-CH(NH2)-CH2-NH2]Cl,
Lve is thus formed.
in Tetrachloro (triaminopropane-monohydrochloride )platinum gives
lie a characteristic reaction when treated in solution with oxalic acid, 
red since the very slightly soluble tetrachloro(triaminopropane-hydrogen- 
oxalate)platinum, [Cl4PtN H 2-CH2-CH(NH2)-CH2-NH2 ,(C02H)2], is 
ias rapidly precipitated. When this compound is boiled for several 
ith hours in aqueous solution, both the unco-ordinated amino-group 
rm and the oxalic acid enter the complex, displacing three chlorine 
nt, atoms, thus furnishing monochloromonoxalatotriaminopropaneplatinic 
?ed monochloride, [Cl(C0-0-)2PtN H 2“CH2-CH(NH2)-CH2- m 2]Cl.
I t  has also been shown (Mann, loc. cit.) th a t copper co-ordinates 
nd- with triaminopropane to give salts such as bis{triaminopropane- 
» is monoihiocyanate)cupric dithiocyanate,
tve J [Cu{NH2”CH2*CH(NH2)-CH3-NH3 (SCK)}2](SCN)2 (IV). . '
the Here the copper atom is linked to two molecules of the base, but, 
of since it  has a co-ordination number of 4, to  only two amino-groups 
in each molecule of the triamine. The m etal is thus fully co-ordin­
ated, and the complex therefore b ivalen t; the two unco-ordinated 
lis- amino-groups, however, as in the platinum  compound, are neutral- 
ion ised by normal salt formation, and in solution thus furnish two 
additional ions. I t  would follow by analogy th a t the a(3-diamino- 
linkage probably obtains also in this copper compound, which
. CH2-HH3-SCN
ent
lis- . (V.)
the
NH 2-CH2-CH-NH2
Cu
N H o -C K /C H -N H ,on, ^,JLi2 WJJ-2 yj~L-l>jl-l2 
^  CH2-NH3-SCN
the wou^  then have the constitution (V), the carbon atoms marked * 
c0. heing asymmetric. Such a compound should exist in racemic,
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dextro-, lsevo-, and meso-forms, and if the four co-ordination linkages 
of the copper are directed to  the corners of a regular tetrahedron of < 
(Mills and Gotts, J ., 1926, 3121), the dextro-, lsevo-, and meso- clea
forms should each exist in two forms, in which the copper has the sole
d- and the ^-configuration respectively. In  view of the intensely batj 
deep violet colour of these copper compounds, no attem pts at con 
resolution have yet been made. (tris
Further work is now being carried out to  determine the mode of sepr 
co-ordination of triamiifopropane with various noble metals, such wat 
as iridium and palladium, and with certain bivalent metals such as (dec 
zinc, cadmium, and mercury, and to  determine further whether 1 -
such compounds are capable of resolution into optically active nun
forms.
The various types of complex salts furnished by triaminopropane Hot 
m ay be conveniently summarised here (Mann and Pope, Proc. Roy. cblo 
Roc., 1925, A , 107, 80; J ., 1926, 2675; Mann, J ., 1926, 2 6 8 2 ) P-su'
The
crys
a se
1. Metals of co-ordination number 4 :
A. Triaminopropane acting as a diamine : Bis(triaminopropane- 
y-monothiocyanate)cupric dithiocyanate, solid
[Cu{NH2-CH2-CH(NH2)-CH2-NH3-SCiq}2](SCN)2. ' h o t ,
B. Triaminopropane acting as a triamine : Tetratriaminopropane- ^-ba 
tricupric hexathiocyanate, d ry i
C'U3{(hrH2*CH2,OH(NH2)‘CH2*N'H2)4}(SCN)6. and
2. Metals of co-ordination number 6  : smal
A. Triaminopropane acting as a diamine : Tetrachloro (triamino- raPK 
propane-y-monohydrochloride)platinum, of t l
[Cl4PtN H 2-OH2*CH(NH2)'CH2-NH3Cl]. wate
B. Triaminopropane acting as a triam ine: (a) Triacido-triammine m a 
type, Trichlorotriaminopropaneplatinic monochloride, d-sul
[Cl3PtN H 2-CH2-CH(NH2)-CH2-NH2]Cl. (6 ) Hexammine in l - '
type. Bistriaminopropanecobaltic trichloride, an<^  f
[Co{NH2 -CH2-CH(NH2)-CH2-NH2}2]C13, ?™°
and the corresponding nickel and rhodium salts. ’
ation
E x p e r i m e n t a l . retail
All rotations given in this paper have been measured a t 15° in
a  4-dcm. polarimeter tube, and, unless otherwise stated, are for exPej
th e  mercury green line (X =  5461). . secOK
Preparation of Tetrachloro{triaminopropane-monohydrochloride)- over_
platinum Monohydrate.—The following quantitative directions ^
supplement the general directions already given (Mann, loc. dt.f
p. 2686). A solution of triaminopropane trihydrochloride mono- "^as
hydrate ( 2 2  g.) in water ( 2 0 0  c.c.) is added to 1 0 0  c.c. of a solution ^ T ea
These
c h l o r i d e )p l a t i n t t m , a h  o p t i c a l l y  a c t i v e  c o m p l e x  s a l t . 1 2 2 8
ges
[-on chloroplatinic acid containing 10% of metallic platinum. The 
so. clear mixture is boiled under reflux for 3 hours, and the pale yellow 
the solution so obtained twice evaporated to  small bulk on the water- 
ely bath  with intermediate addition of water. The solution is finally 
at concentrated until crystals appear, and on cooling, tetrachloro- 
(triaminopropane-monohydrochloride)platinum monohydrate rapidly 
. of separates (20-3 g.). This material, after two recrystaflisations from 
ich water, is pure, and darkens a t 255—260° and melts a t 272—273a 
: as (decomp.).
her 1 - Tetrachloro (triaminopropane-mono-d-camphor- ^ -sulphonate) plati-
ive num Semihydrate,
ine Hot aqueous solutions of tetrachloro(triaminopropane-monohydro- 
>0yi chloride)platinum monohydrate ( 2 0  g.) and silver d-camphor-
;  (3-sulphonate (10-4 g.) were mixed, boiled for 5 m inutes, and  filtered.
The filtrate was evaporated to  small bulk on the water-bath, fine, 
crystalline scales steadily separating; finally the product formed 
,ne‘ a semi-solid mush, which was a t once chilled and filtered. The 
solid product so obtained was then recrystallised repeatedly from 
hot water to separate the Z-base d-sulphonate from the more soluble 
,ne* cZ-base d-sulphonate. Recrystallisation was best carried out by 
drying each fraction thoroughly in a vacuum over sulphuric acid, 
and then adding the powdered product quickly w ith stirring to  a  
small quantity of almost boiling water. A clear solution was thus 
,no. rapidly obtained, and on filtering and cooling gave an ample crop 
of the sulphonate. The latter always retained half a molecule of 
water of crystallisation even after long exposure to  sulphuric acid 
jjne in a vacuum. After six recrystallisations from water, the Z-base 
d-sulphonate was obtained as a pale lemon-yellow powder, which 
, ^ 0 in 1-349% aqueous solution had a  =  — 3-44°, whence [a] =  — 63-7° 
and [M] =  — 426°: it  darkened a t 260° and melted to  a ta r  between 
270° and 285° (Found: P t, 29-3. C26H 560 9N 6Cl8S2P t2 requires 
P t, 29-25%). This sulphonate does not readily undergo racemis- 
ation a t the ordinary tem perature, since cold aqueous solutions 
retained their activity unchanged for a week, 
o jj A dextrorotatory product also could be separated in the above 
foi exPerhnents, for when the cold aqueous mother-liquor from the 
second fraction was diluted considerably with alcohol and kept 
Ide)- ov^-night, a crop of the camphorsulphonate separated which, in 
ions 1*572% solution, had a  =  +  3-08°, whence [a ] =  +  49-0° and 
c$,( t-^] =  +  323°. This was thus evidently an optically impure 
mo- ^"l)ase ^-sulphonate, and attem pts were made to  purify it  by  
tioii rePea,ted dissolution in water and reprecipitation with alcohol. 
These experiments did not, however, give satisfactory results, and
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the optically pure dextro-salt was finally obtained by recrystallis- ated 
ation of the Z-camphorsulphonate, as described below. d-su
1 - Tetrachloro(triaminopropane-mono7iydrochloride) platinum. — The thes 
sixth fraction of the Z-tetrachloro(triaminopropane-mono-d-cam- sepa 
phor-(3-sulphonate)platinum, having [M] =  — 426°, was dissolved wat< 
in a Httle hot water and the solution was chilled, filtered, and rapi 
diluted with concentrated aqueous calcium chloride solution. After the 
4  hours the fine, crystalline monohydrochloride which had separated Twc 
was collected, well washed with alcohol and ether, and dried. The 1 - 0 0  
pure anhydrous 1 -monohydrochloride thus obtained retained its and 
original crystalline form during the processes of filtering and drying; — 6 
i t  had evidently, therefore, separated originally in the anhydrous the 1 
form, and not lost water of crystallisation whilst being dried. It A cr 
■darkened a t 260—265° and melted a t 277—278° (decomp.) (Found : obta 
P t, 42-2. CgH-^NgClgPt requires P t, 42-2%). A 1-407% aqueous ex — 
solution had c4 fg0 =  — 5-24°, whence [ a ] ^  =  — 93-1°, [M]gf8 =  d-
— 431°, and =  — 6-10°, whence [a]g% =  — 108-4°, [ M f^  =  num
— 502°. as tl 
Certain observations made in the course of the above work point in s<
strongly to the fact th a t the resolution is successful only if the recrr 
camphorsulphonate crystallises a t a low tem perature, and th a t at in 1 
higher temperatures it is probably the racemate, or even a product and 
containing an excess of the opposite enantiomorph, which separates, Oi 
Thus, in the initial preparation, the first crop of crude d-camphor- mor] 
sulphonate was obtained by evaporating the solution on the water- from 
bath  and then filtering off the solid product which separated. Since ably 
the Z-base ^-sulphonate is less soluble (in cold water) than  the sepai 
d-base d-sulphonate, the filtrate from this first crude product should "wher 
have contained an excess of the d-base d-sulphonate. Actually it comp 
contained an excess of the Z-base, and when treated  with calcium cipiti 
chloride gave a markedly laevorotatory hydrochloride which, in d- 
1-672% aqueous solution, had a — — 0-78°, whence [a] =  —- 11-7° °ptic 
When the first crop of crude d -camphorsulphonate was subjected \M1 '■ 
to  its first recrystallisation, the second fraction obtained no^ calcii 
separated after the solution had been chilled; it  possessed, ol kydr 
course, an increased lsevorotation, and the mother-liquor noir ^lter 
contained an excess of the d-base, and when treated  with calcium crysf 
chloride gave a feebly dextrorotatory hydrochloride. All the d2-lc 
successive fractions also separated after their solutions had been (decc 
chilled, and the resolution thus proceeded smoothly to completion, Wstk 
I t  was further observed th a t if the initial filtrate from the first crop Mmsi 
of crude d-camphorsulphonate was kept, in the course of 24 hours 
long, pale lemon-yellow needles of the almost optically pure Z-base ^'cair 
d-sulphonate separated, and after several days became contamin- a m^o
€ h l o r i d e )p l a t i n u m , a n  o p t i c a l l y  a c t i v e  c o m p l e x  s a l t . 1 2 3 0
lis- a ted  with orange-coloured prisms, presumably those of the (Z-base 
■d-sulphonate. In  some preparations of the d-camphorsulphonate, 
]he these long, pale lemon-yellow needles were filtered off before the 
<m- separation of the orange prism s; they were washed with a little 
red water, and placed over sulphuric acid in a vacuum ; they then 
md rapidly lost their crystalline form on partial dehydration, and gave 
'ter the semihydrate of the almost optically pure Z-base d-sulphonate. 
ted Two such samples gave the following rotations respectively : (a) a 
Che 1-008% aqueous solution had a  =  — 2-53°, whence [a] =  — 62-7° 
its and [M] =  — 419°; (b) a 1-184% solution had a  =  — 2-93°, [a] =  
ng; — 61-9°, [Af] =  — 413°. These were united and converted into 
ous the hydrochloride as before by the action of calcium chloride solution.
It A crop of the anhydrous and optically pure Z-hydrochloride was thus 
id : -obtained (Found: P t, 42-2%). A 1-328% aqueous solution had. 
ous a =  — 5-72°, [a] =  -  108°, and [ if ]  =  -  498°.
=  d-Tetrachloro(triaminopropane-mono-l-camphor - (S - sulphonate)plati-
— num Semihydrate.—This was prepared in precisely the same way 
as the Z-base (Z-sulphonate, the racemic hydrochloride being treated 
>int in solution with silver Z-camphor-(3-sulphonate. The product was 
the recrystallised as before six times from water, and the final crop had 
; at in 1-366% aqueous solution, a  =  +  3-47°, whence [a] =  +  63-5° 
,uct and [If] =  -f- 424° (Found : P t, 29-15%).
tes, Once again an optically impure crop of the opposite enantio- 
ior- morph could be obtained by precipitation with alcohol. The filtrate 
ter- from the second fraction of the Z-sulphonate, when diluted consider - 
[nce ably with alcohol, deposited a crop of the sulphonate which, when 
the separated and dried, had, in 1-218% aqueous solution, a =  — 2-59°, 
>uld "whence [a] =  — 53-1° and [Jf] =  — 355°. No further attem pts to  
y it complete the resolution of this crop by solution in water and repre- 
ium cipitation with alcohol were made, 
in d - Tetrachloro (triaminopropane - monohydrochloride)platinum.—The
•7 °, optically pure-, sixth fraction of the (Z-base Z-sulphonate, having 
j-fced [If] =  +  424°, was treated as before in cold aqueous solution with 
a0^ calcium chloride, and the (Z-tetrachloro(triaminopropane-mono- 
0j hydrochloride)platinum separated in fine crystals, which were 
aaw filtered off, washed with alcohol and ether, and dried. These 
ium crystals, like the Z-hydrochloride, were anhydrous (Found : P t, 
tlie 42-1%), and darkened a t 260—265° and melted a t 277—278° 
)een (decomp.). A 1-555% aqueous solution had alfs0 =  -f- 5-80°, whence 
ion, Mwso =  +  93-2°, [A f]^  =  +  431°, and oc i^ =  +  6-73°, whence 
3roj) fa]546i =  108°, [A f]^  =  -j- 501°.
ours -A-s before, the initial filtrate from the first crude crop of the 
base ^-camphorsulphonate slowly deposited a small quantity  of the 
njn. almost optically pure (Z-base Z-sulphonate in long, pale lemon-yellow
CHL
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needles. These, after being washed and dried, had in 1-232% | g 
aqueous solution a  =  +  3-11°, whence [a] — -j- 63-1° and [M ] — with
4-421°. There was not sufficient of this material, however, for 
conversion into the (Z-hydrochloride. P t  •
. Tetrachloro(triaminopropane - mono - d - a  - bromocamphor - iz-sulphom ^
ate)platinum, [Cl4PtN H 2-CH2-CH(NH2)-CH2-NH2,C10H 14OBr-SO3H].
—The bromocamphorsulphonate was obtained by mixing hot __
aqueous solutions of the monohydrochloride ( 1 0  g.) and of silver 
(Z-bromocamphorsulphonate (6 - 8  g.). The mixed solution, when p  
boiled, filtered, concentrated, and chilled, gave the bromocamphor- <j^ggc 
sulphonate in fine, canary-yellow crystals. These, after being once wag 
recrystallised from water and dried, melted a t 271—273° (decomp.) ^epo 
(Found : C, 21-0; H, 3-6; P t, 26-6. C13H 260 4N 3Cl4B rSPt requires -from 
C, 21-15; H, 3-55; P t, 26-5%). The sulphonate in 1-916% aqueous 
solution had a  =  +  3-52°, [a] =  -j- 45-9°, and [ if ]  =  +  339°. This ag a 
material was now recrystallised three more times from water and, „ oge( 
in 1-320% solution, then had a  =  -f- 2-48°, [a ]  — -J- 47-0°, [AT] =  ^rang 
+  346°. Since ammonium d-bromocamphor-7c-sulphonate has 4 3 .3 ? 
[A f]g 40i  =  -j- 347° (Pope and Read, J . ,  1910, 9 7 , 2201), it  was obvious 
th a t the activity of the platinum compound was due to the bromo- a CQ1 
camphorsulphonate ion alone, and th a t no apparent resolution was p r0p 
being effected.
Trichlorotriaminopropaneplatinic Chloride, a coi
[Cl3PtN H 2'CH2-OH(NH2)-CH2*NH2]Cl. into
—A cold aqueous solution of tetrachloro(triaminopropane-mono- t rea  ^
hydrochloride)platinum was treated with an excess of ammonia Went 
solution (d 0-966). The fine, yellow, crystalline precipitate which f 
soon appeared was very sparingly soluble in cold w a te r; when boiled recry 
with hot water, i t  slowly dissolved, bu t the production of a red gvojv 
colour showed considerable reduction to  a platinous salt. This ^ould 
ready reduction of co-ordinated platinic to  platinous compounds 
has already been noted by Werner (Vierteljahrs. Naturfors. Ges.
Zurich, 1917, 62, 553). The compound was therefore filtered off, F .R j 
and thoroughly washed with cold water, alcohol, and ether, and j 
trichlorotriaminopropaneplatinic chloride was thus obtained in fine, 
yellow crystals which began to  darken a t about 2 1 0 ° and melted 
a t 242—243° (decomp.) (Found : C, 8-4; H, 2-8; N, 10-1; P t, 45-9. 
C3H n N3Cl4P t requires C, 8-45; H, 2-6; 1ST, 9-9; P t, 45-8%). The 
same compound was also obtained when the original monohydro­
chloride was treated in solution with either one or two molecules 
of ethylenediamine hydrate.
Tetrachloro(triaminopropane-hydrogen-oxalate)platinum,
[Cl4P tN H 2-CH2-CH(NH2)-CH2-KH2 ,(C02H)2].
—This compound rapidly separated when an aqueous solution of the
chloride)platinum3 an optically active complex salt. 1232 
m onohydrochloride was trea ted  with, a  solution of oxalic acid : it
0 A/» is  only slightly soluble in  cold w ater, and  when filtered off, washed 
~  w ith  w ater, alcohol, and  ether, was obtained as a  fine, pale yellow 
or powder, m. p. 248—251° (decomp.) (F o u n d : N, 8-4; Cl, 27-7; 
P t ,  37-6. C5H 130 4N3Cl4P t  requires N, 8-1; Cl, 27-5; P t, 37-8%). 
Monochloromono-oxalatotriaminopropaneplatinic Chloride,
^  [Cl(C0*0)2PtN 'H 2-CH2*CH(NH2)*CH2-NH2]Cl.
L0^  — Solutions of tetrachloro(triam inopropane-m onohydrochloride)- 
rer p latinum  (9-9 g.) and  h y d ra ted  oxalic acid (5-2 g . ; 2 mols.), each 
ien in  125 c.c. of w ater, were m ixed, and  th e  solution was heated  to  
or' dissolve the precipitated  hydrogen oxalate salt. The clear solution 
Ice was boiled under reflux for 10 hours, and  on filtering and  cooling 
P’) deposited fine, yellow crystals. These were twice recrystallised 
res from h 0t  w ater, in  which th ey  were freely soluble, and  th e  mono- 
)US <Moromono-oxalatotriaminopropaneplatinic chloride was th u s  obtained 
us a pale brownish-yellow, m icrocrystalline powder, which decom- 
1(^ ’ posed w ith foam ing betw een 200°  and  210°  and  was th en  slowly 
“  transform ed to  a  dry, black m ass (F o u n d : N, 9-6; Cl, 16*2; P t, 
ias 43-85. C5H n 0 4N 3Cl2P t  requires N, 9-5; Cl, 16-0; P t, 44-0%).
)US M any a ttem p ts  were m ade to  reduce th e  m onohydrochloride to  
m '  a  com pound of bivalent p latinum  of the  type  of dichloro(triam ino- 
ra,s propane-m onohydrochloride)platinum ,
[Cl2P tN H 2-CH2-CH(NH2)-CH2-lsrH2,HCl], 
a  com pound which should also have been susceptible to  resolution 
in to  optically active forms. The yellow m onohydrochloride, when 
a<> trea ted  in  ho t aqueous solution w ith  sulphur dioxide, slowly under- 
^ia w ent reduction w ith  th e  production  of a  colourless solution. F rom  
th is  solution various products were obtained, b u t all on a ttem pted  
led recrystallisation from  w ater underw ent decom position w ith  th e  
evolution of su lphur dioxide, and  no well-defined, stable com pound 
hi® could be isolated, 
ids
res. The au thor is g reatly  indebted to  Professor Sir W illiam Pope, 
F .F .S ., for supplies of p la tinum  and  of Z-eamphor, w ithou t which 
in(  ^ th is  investigation could no t have been carried out. 
ne,
j.ecj T h e  U n i v e r s i t y  Ch e m i c a l  L a b o r a t o r y ,
„ n  C a m b r id g e .  [Received, February  21 st, 1927.]
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CXIX .—The Complex Salts of Bivalent Platinum with 
afiy-Triaminopropane.
By Fredekick George Mann.
I t has already been shown by the present author (J., 1926, 2681; 
1927, 1224) that chloroplatinic acid co-ordinates with triamino- 
propane trihydrochloride to give tetrachloro(triaminopropane- 
y-monohydrochloride)platinum,
[Cl4PtN H 2-0H2-CH(NH2)-CH2-NH2,HCl],H2O,
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a compound whose resolution into optically active forms proves 
th a t the platinum  is co-ordinated only to  the a- and (3-amino-groups, 
leaving the y-amino-group free to  form a hydrochloride. I t  is now 
found th a t if potassium chloroplatinite is treated with triamino - 
propane trihydrochloride, dichloro(triaminopropane-monohydro- 
cJdoride)platinum monohydrate,
[Cl2PtN H 2-CH2-CH(NH2)-CH2-NH2 ,HCl],H20 , 
is formed similarly. This compound, like the tetrachloro-compound, 
might exist in two forms, one in which co-ordination occurs through 
the a- and fJ-amino-groups, giving a y-monohydrochloride (I),
CH2-NH3C1 n h 3ci
(I .)
n h 2- c h 2- c h - n h 2
% ^
n h 2- c h 2-c h * c h 2- n h 2
C l^ P t\ o i
( I I . )
and the other in  which co-ordination occurs through the a- and 
y-amino-groups, giving a p-monohydrochloride (II). These iso- 
merides differ fundamentally in th a t (I) is dissymmetric, having the 
(3-carbon atom (marked *) asymmetric, whereas (II) is symmetric. 
The resolution of this compound into optically active forms, described 
in the present paper, proves i t  to  have the former constitution, 
being, like the tetrachloro-compound, a y-monohydrochloride. 
I t  is therefore the second known compound in which asymmetry of a 
carbon atom is induced by the operation of auxiliary valencies.
The properties of dichloro(triaminopropane-y-monohydrochloride)- 
platinum  resemble closely those of the tetrachloro-compound; 
e.g., the two optically active forms are both anhydrous, and the 
racemic product is a monohydrate. The most characteristic salt is 
again the y-monohydrogen oxalate,
[Cl2P tN H 2-CH2-GH(NH2)*CH2-NH2 ,(C02H)2], 
which is rapidly precipitated when the monohydrochloride is treated 
in  solution with oxalic acid. Furthermore, if the monohydro­
chloride is treated with ammonia, the la tter withdraws the hydrogen 
chloride, and the amino-group liberated immediately co-ordinates' 
with the platinum, expelling a chlorine atom from the complex and 
giving monochlorotriaminopropaneplatinous monochloride, 
[ClPtNH2-CH2-CH(NH2)-CH2-NH2]Cl.
Treatm ent of potassium chloroplatinite with an excess of tri- 
aminopropane base instead of the trihydrochloride gives rise, 
however, to  two entirely different types of complex salt. Co­
ordination in, these circumstances is rapid, giving a colourless 
solution : if this is now concentrated, acidified with acetic acid, aiid 
treated with potassium thiocyanate, the white crystalline bis(tri-
ami'i
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aminopropane-monothiocyanate)platinous dithiocyanate (III) is pro­
duced. In  this compound each molecule of the base is co-ordinated
CH9‘NHoSCN '
(III.)
n h 2- c h 2- c h - n h 2
0 > pt\
NHo-CH9-CH-NH9
(SCN)s
c h 2- n h 3s c n
to  the metal by only two of its three amino-groups, leaving the third 
free for normal salt formation as a thiocyanate : the 4-co-ordination 
) platinous atom, being thus saturated, also forms a dithiocyanate, 
and the compound in solution furnishes, in all, four thiocyanate ions. 
This compound is therefore of precisely the same type as the cupric 
Ld compound already described (loc. cit.). The work of Mills and 
a- Gotts (J., 1926, 3121) has shown th a t in such cupric compounds the 
ie four co-ordination valencies are directed to  the apices of a tetra- 
c. hedron, and the very close resemblance in type and properties 
;d between these cupric and platinous compounds would show th a t the 
a, la tter also probably have the tetrahedral configuration. Experi- 
e. mental evidence for this is unfortunately difficult to  obtain. I t  will 
a ■ be seen th a t the platinous compound (III) has two asymmetric 
carbon atoms, and should therefore exist in  racemic and meso-forms 
;). by virtue of these carbon atoms alone : in  both forms, however, the 
I ; complex itself, if tetrahedrally arranged, is dissymmetric and should 
ie be capable of further resolution into optically active forms. Mere 
is resolution of the compound, therefore, gives no evidence as to the 
configuration of the platinous complex itself. Such evidence could 
only be obtained by separating the racemic and the meso-forms, and 
3d then resolving the latter form : this “ secondary ” activity  could 
o- not be due to the asymmetric carbon atoms, and would thus prove 
3xi the tetrahedral configuration of the platinous complex. Actually 
es ‘ the platinous thiocyanate, like the cupric compound, is a crystalline 
id compound of sharp melting point, and is obviously a single chemical 
ind ividual: no evidence of the existence of two forms, racemic and 
meso, could be obtained. 
ri. I f  now the colourless solution obtained by treating potassium 
5e, chloroplatinite with the free base is concentrated and then, without 
(o- the  addition of acid, is treated with potassium iodide solution, 
;gg bis(triaminopropane)platinous di-iodide, 
fid _ [Pt{NH2-CH2-CH(NH2)-CH2-NH2}2]I2,
ri- is precipitated. This would appear to be a novel type of compound
8 9 3 MANN : THE COMPLEX SALTS-OE
in  which the bivalent platinum  atom has a co-ordination number of ^  
6  instead of its usual number of 4. Tbere remains a second possi- n icke 
bility, viz., tb a t tbis compound is of precisely tbe same type as the deficj
thiocyanate (III), but that, in the absence of acid, the two y-amino- nicke
groups exist free, being neither co-ordinated to  the metal nor surpi 
neutralised by acid. This is, however, unlikely, since on crystal- to. gi' 
lisation from aqueous solution each free amino-group would almost e g^ j 
undoubtedly add on a molecule of water to  give a substituted co_or 
ammonium hydroxide, as in the cupric ethylenediaminobisacetyl- r
acetone ethylenediamine hydrate described by Morgan and Smith Trial
(J., 1926, 918). The existence of two free y-amino-groups was, g_co_ 
however, completely disproved by treating the di-iodide in aqueous 
solution with an excess of free picric acid : a dipicrate alone was SOine
obtained, showing tb a t all six amino-groups are co-ordinated to the ^
platinum  atom. H ad the two y-amino-groups been free, the di- 
iodide should have given a tetrapicrate, since, in addition to  the js
dipicrate of the complex, each free amino-group would also unite desci
with picric acid. ordir
These are the first compounds to be described in which a bivalent for 
platinum  atom has a co-ordination number of 6 . They serve to atom 
illustrate one respect in which the stability of the complex salts with 
simple molecules, e.g., ammonia and water, differs from th a t ol three 
complex salts with polyamine molecules, e.g., triaminopropane, gtabl 
The stability of the simple ammines is determined primarily by the 
electronic structure of the metal when thus co-ordinated, e.g., cobalt trihy 
of atomic number 27 requires 9 electrons to complete its outer shell chlor 
and in [(NH3)6Co]C13 these 9 are obtained ( +  12—3) and as sajfc j 
extremely stable salt results. Platinum  of atomic number 7fi attei 
requires 8  electrons to  complete its outer shell. In  the platinif 
series, e.g., [(NH3)6Pt]Cl4, these are again acquired, giving a  verj 
stable salt, whereas in the platinous series, e.g., [(NH3 )4Pt]Cl2, only t 
are obtained ; since, however, a small deficiency of electrons is 4 . ^  
more readily tolerated than  an excess, these tetramminoplatinouf 5 4 5 4  
salts are stable, although less so than the hexamminoplatinic salts 
The stability of the complex salts of the polyamines is dependent hydr 
however, on an additional factor, viz., the comparative ease witl triln 
which the polyamine molecule, for purely structural reasons, cai ancf  
arrange itself about a complex th a t m ay be a square, a tetrahedron C0 j01 
or an octahedron. Tbere is considerable evidence to sbow thal crys' 
triaminopropane adjusts itself readily and very stably to  thi
6 -co-ordination octahedron (Mann and Pope, Proc. Boy. S'oc., 1925 }iydr 
A , 107, 80; J ., 1926, 2675). Tbe great stability of tbe bis(triamino 290- 
propane)-cobaltic and -rbodium tribalides is to be expected, sino j j  q  
tbe metallic atoms bere bave completed tbeir electronic outer shell 4
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^ in the usual way. B ut in the case of nickel, the tetrammino-
nickelous dihalides, e.g., [(NH3 )4Ni]Cl2, in which the m etal has a
Le deficiency of 2  electrons, are far more stable than  the hexammino-
K nickelous dihalides, e.g., [(NH3)6Ni]Cl2, in which the m etal has a
)r surplus of 2 electrons. Yet nickel combines with triaminopropane 
to., give always the very stable bis(triaminopropane)nickelous salts, 
e.g., [{NH2,CH2*CH(NH2)*CH2*NH2}2Ni]I2, in which the m etal .has a 
corordination number of 6 , and no triaminopropane salt in which 
the nickel has a co-ordination number of 4 has yet been isolated. 
^  Triaminopropane thus adjusts itself so much more stably around the 
bS) 6 -co-ordination octahedron than  around a tetrahedron or a square 
QS th a t a metallic atom, normally of co-ordination number 4, will 
as sometimes increase the latter to 6  in order to  accommodate itself to 
he the triamine, although for purely electronic reasons such an arrange- 
ment would be regarded as unstable. A further example of this 
ke is provided by the bis(triaminopropane)platinous dihalides now 
l^ e described, in which the bivalent platinum  has increased its co­
ordination number to 6  in  order to  provide the octahedron necessary 
^  for stable co-ordination with triaminopropane, although the metallic 
atom has thereby acquired an excess of 2  electrons, 
ith When triaminopropane co-ordinates by means of only two of its 
°! three amino-groups, the above considerations no longer hold, and 
ae' stable 4-co-ordination derivatives, e.g., of platinum and copper, result. 
Ammonium chloropalladite co-ordinates with triaminopropane 
trihydrochloride to  give dichloro(triaminopropane-monohydro- 
ieU chloride)palladium, [Cl2PdNH 2*CH2-CH(NH2)-CH2*NH2 ,HCl]. This 
ai salt proved to  be unstable in hot aqueous solution, and therefore no 
7$ attem pts were made to  resolve it  into optically active forms, 
nii
erj E x p e r i m e n t a l .
y ® All rotations given in this paper have been measured a t 15° in a 
5 35 4-dm. polarimeter tube by means of the mercury green line (X =  
012 5461).
Dichloro(triaminopropane-y-monohydrochloride)platinum Mono- 
3n‘ hydrate.—Potassium chloroplatinite (16 g.) and triaminopropane 
^  trihydrochloride (16 g.) were dissolved in  tu rn  in water (240 c.c.), 
caI and the solution was boiled under reflux for 2  hours, the deep red 
rol1 colour changing to orange. The solution was concentrated until 
:hal crystals appeared, then filtered and chilled. The crude product 
^  (1 1 * 8  g.), when recrystallised from hot water, gave the above mono- 
925 hydrate in pale yellow crystals, which darken a t 280° and m elt a t  
ino 290—291° (decomp.) (Pound: C, 8-9; H, 3-4; N, 9-9; P t, 47-6; 
inci H 20 , 4-4. C3H 12N3Cl3P t,H 20  requires C, 8 -8 ; H , 3-4; N, 10-25; 
lell P t, 47-6; H 20 , 4-4%).
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d-Dichloro(triaminopropane-mono-d- bromocamphor -71 -sulphonate). (Qrali 
platinum, Monohydrate, 65-8c
[Cl2PtN H 2-Cn2*CH(NH2)-CH2-NH2,C10H 14OBr-SO3H ]5H 2O. and , 
—H ot aqueous solutions of dichloro(triaminopropane-monohydro j)i 
cMoride)platinum monohydrate ( 1 2  g.) and silver d-bromocamphor- aque 
sulphonate (13-2 g.) were mixed, boiled for 5 minutes, and filtered, mixe 
The filtrate, when concentrated and cooled, deposited orange-yellow crySt 
crystals, which, after five recrystallisations from water, gave the yecrj 
above optically pure d-base d-sulphonate (Found : C, 22-8; H, 4-2; iisatj 
P t, 28-4. C13H 280 5N3Cl2B rSPt requires 0,22-8; H, 4-1; P t, 28-5%), heati 
A 0-5773% aqueous solution had a  =  +  1-76°, whence [a] =  -|- 216- 
76-2°, [Jf] =  +  522°. H, 3
d-Dichloro(triaminopropane-monohydrochloride)plati?ium.—A solu- 43-8( 
tion of the above optically pure nZ-base d-sulphonate in the minimum j f , 
of hot water was diluted with a hot concentrated solution of aque 
calcium chloride, filtered, and chilled. After 24 hours, the anhydrous the : 
crystalline d -monohydrochloride which had separated was filtered off, sepai 
washed with alcohol and ether, and dried (Found : P t, 50-0. wate; 
C3H 12N3Cl3P t requires P t, 49-8%). A 1-051% aqueous solution a  wb 
had a  =  +  2-09°, whence [a] =  - f  49-7°, [M] =  -f- 195°. watei
1 -Dichloro(triaminopropane - mono -1 - bromocamphor - re - sulphonate) ■ yello 
platinum Monohydrate.—This separated from a saturated aqueous 3-15; 
solution of the racemic monohydrochloride when the latter was 5 4 -9 £ 
diluted with a concentrated solution of ammonium Z-bromocamphor B i  
sulphonate, and again five recrystallisations from water furnished (III), 
the optically pure 1 -base l-sulphonate (Found: P t, 28-65%). iw atej 
0-5032% aqueous solution had « =  — 1-54°, whence [a] =  — 76-5°, (34-8 
[M] =  — 524°. > potas
1 -Dichloro(triaminopropane-monohydrochloride)plaiinum was pre- Whe2 
pared as pale yellow crystals by treating the Z-base Z-sulphonate in faded 
solution with calcium chloride (F ound: P t, 49-9%). A l-279°/(,rediss 
aqueous solution had a =  — 2-51°, whence [a] =  — 49-1°, IM l  =chille 
- 1 9 2 ° .  . and 1
Dichloro(triaminopropane-mono-d-camphor - (3 - sulphonate)platinuml conta 
[Cl2P tN H 2-CH2-CH(NH2)-CH2-NH2,C10H 15O-SO3H], was isolated insepar 
a similar way to  the bromocamphorsulphonate by the interaction from 
of the monohydrochloride (10 g.) and silver cZ-camphorsulphonate cyanc 
(8-4 g.). Two recrystallisations from water gave the d-camphor- 1{ 
sulphonate as a pale yellow, crystalline powder (Found : C, 26-5;requi 
H, 4-7; P t, 33-1. 0 13H 270 4N3Cl2SPt requires C, 26-6; H, 4-6; Bit 
P t, 33-2%). A 1-294% aqueous solution had a =  +  0-54°, whenceBi-d- 
[a] =  % 10°, [M] — +  61°. The m aterial was now recrystallised [Pt{h 
three times, and then in a 1-463% solution had a =  +  0-58°, whence 
[cc] =  9-9°, [M ] =  +  58°. . As the average rotation found bj—Ho
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*4 Graham (J.5 1912, 101, 746) for the camphor-fi-sulphonate ion is 
65-8°, it  was obvious th a t the resolution was proceeding very slowly, 
and no further experiments were made with th is salt. 
lr° Dichloro(triaminopropane - hydrogen - oxalate)platinum. — When 
10r- aqueous solutions of the monohydrochloride and of oxalic acid were 
fed, mixed, the above hydrogen oxalate rapidly separated as an orange 
low crystalline powder, only slightly soluble in cold water. I t  was 
the recrystallised from hot water and then, since the water of crystal- 
b 2 ; Hsation was only slowly lost in a desiccator, i t  was dehydrated by 
%)• heating a t 95° in a vacuum. The anhydrous m aterial had m. p. 
: -f 216-—217° (decomp.) with preliminary darkening (Found : C, 13-2;
H , 3*1; P t, 44*2. C5H 130 4N 3Cl2P t requires 0, 13-5; H , 2*9; P t, 
olu- 4 3 *8 %).
nun Monochlorotriaminopropaneplatinous Monochloride.— When 
i of aqueous ammonia was added to  a concentrated aqueous solution of 
•ous the monohydrochloride, a yellow crystalline precipitate rapidly 
off, separated. This was insoluble in cold water, and dissolved in  hot 
0 *0 , water only with decomposition, since such solutions slowly deposited 
fcion a  white product. I t  was therefore filtered off, washed with cold 
water, and dried, and the above monochloride was thus obtained in 
vte)- yellow crystals, m. p. 282—283° (decomp.) (Found : C, 10-0; • H , 
xyus 3-15; P t, 54*8. C3H 11N3Gl2P t requires C, 10*1; H, 3-1; P t, 
was 54-95%). '
hor- Bis(triaminopropane-monothiocyanate)platinous Dithiocyanate 
shed (III).—Triaminopropane trihydrochloride (9-4 g.), dissolved in 
A water (50 c.c.), was treated with 15% sodium hydroxide solution 
>-5°, (34*8 c.c.), and this solution of the free base was now added to  
> potassium chloroplatinite ( 6  g.), also dissolved in water (50 c.c.). 
pre-When the final solution was heated on a water-bath, the red colour 
,e in faded and a buff-coloured precipitate separated : this slowly
J  9 °/0 redissolved, and the now colourless solution was concentrated, 
'] = chilled, filtered from any sodium chloride, acidified with acetic acid, 
and treated with concentrated potassium thiocyanate solution, also 
containing acetic acid. The white precipitate which slowly 
d in separated was filtered off after 24 hours, and twice recrystallised 
tionfrom hot water, in  which it  was very soluble. The above dithio- 
nate cyanate was obtained in  white crystals, m. p. 177—178° (Found : 
ihor. C, 19-7; H, 4-0; P t, 32-15; ionised SON, 38-2. C10H 24N 10S4P t  
10.g;requires C, 19-7; H ,4-0 ; P t,32-1 ; 4SCN, 38-2%).
4*6; Bis (triaminopropane - mono - d - bromocamphorsulphonate)plaiinous 
ence Di-d-bromocamphorsulphonate Trihydrate,
Lised [Pt{NH2-CH2*GH(NH2)-CH2*NH2 ,C10H 14OBr-SO3H}2](C10H 14OBr* 
ence S 0 3)2 ,3H20 .
by—H ot aqueous solutions of the thiocyanate (4 g.) and silver d-bromo-
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camphorsulphonate (11-7 g .; 4 mols.) were mixed. Concentration Tv 
of the filtered solution gave the white crystalline bromocamphor- 
sulphonate trihydrate, which was recrystallised seven times from —W 
water (Found : C, 32-9; H, 5-3; P t, 11*7. C46H 80O16N 6Br4S4Pt,3H 20 are : 
requires C, 33-0; H, 5-2; P t, 11-7%). A 0*5184% aqueous solution sepai 
had a =  +  1*66°, whence [a] =  +  80*1°, [M] =  +  1340°. Sinct lisati 
the bromocamphorsulphonate ion has [AT] =  347° (Pope and Read, cold 
J . ,  1910, 9 7 ,  2201), the rotation was due to the four sulphonate ions H , 5 
alone. -
Bis{triaminopropane)platinous Di-iodide.—The preparation war T1 
carried out precisely as for the above thiocyanate, bu t the fma F -P . 
concentrated colourless solution was treated directly with saturate invef 
potassium iodide solution, without addition of acetic acid. Tin Th 
fine, white precipitate was twice recrystallised from a little  ho 
water, and the above di-iodide obtained as fine white crystals 
m. p. 266—267° (decomp.) (Found: C, 11*8; H , 3*5; I, 40*9 
P t, 31*2. C6H 22N 6I 2P t requires C, 11*6; H, 3*6; I, 40*5; Pt 
31*1%).
The corresponding dibromide was similarly obtained by treatinj 
the final colourless solution with saturated sodium bromide solution 
After recrystallisation from water, i t  was obtained in white crystals 
m. p. 270—271° (decomp.), far more soluble than  the iodide (Found 
C, 13*6; H, 4*2; P t, 36*6. C6H 22N 6Br2P t requires C, 13*5; H , 4*2 
P t, 36*6%).
Bis(triaminopropane)platinous Dipicrate,
[Pt{NH 2-CH2-CH(NH2)-CH2-NH2}2]{C6H 2(N 02 )3-0}2.
—A dilute solution of the above dibromide was added to a considerabl 
excess of aqueous picric acid solution; the yellow precipitat 
produced was collected after 2  hours, washed with much cold watei 
in which i t  was almost insoluble, and dried. The dipicrate was tlm 
obtained as a fine, yellow powder, which deflagrated violently whe: 
heated (F ound : N, 20*1; P t, 23*7. C18H 260 14N 12P t require 
N, 20-3; P t, 23*5%).
Dichloro{triaminopropane - y  - monohydrochloride)palladium.—Ah 
monium chloropalladite (3 g.) and triaminopropane trihydre 
chloride (6*9 g.; 3 mols.) were in tu rn  dissolved in water (50 c.c 
and the clear solution was boiled under reflux for 4 hours, the colon 
fading to  a pale golden-brown. The solution was filtered an 
allowed to  cool in a closed vessel; fine, yellowish-brown crystal 
were deposited over-night. These were recrystallised as rapidly a 
possible from a little hot water, and the above monohydrochlorn 
obtained in minute, golden-brown crystals, m. p. 279—280° (df 
comp.) (Found : C, 11*9; H,4*0; N, 14*1; Pd, 35*3. C3H 12N 3C13P 
requires C, 11*9; H , 4*0; N, 13*9; Pd, 35*2%).
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btioii Triaminopropane Trihydrogen Trioxalate Monohydrate, 
yhor- C3H 5(NH2!H 0 2C-C02H)3 ,H20 .
crom —When aqueous solutions of the trihydrochloride and of oxalic acid 
H20 are mixed, the very characteristic trihydrogen trioxalate rapidly 
itioi separates in white needles, m. p. 173—174° (decomp.) after recrystal- 
Jincf lisation from hot water. The oxalate is only slightly soluble in 
'ead, cold water, but is freely soluble in hot water (Found : C, 28*8; 
ions H , 5-1. C9H 170 12N3 ,H20  requires C, 28-6; H, 5-1%).
was The author is greatly indebted to Professor Sir William Pope, 
fina F .P .S ., for the supplies of platinum  and of L camphor used in this 
•atet investigation.
L i i  T h e  U n i v e r s i t y  C h e m i c a l  L a b o r a t o r y ,
: ho1 C a m b r i d g e .  [Received, February 10Ih, 1928.]
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CCCLXXXVII—The Complex Salts of Nickel with 
Various Aliphatic Diamines.
By F r e d e r ic k  G e o r g e  M a n n .
W e r n e r  first suggested (Z . anorg. Chem., 1893, 3 ,  298) th a t when 
a metal shows a co-ordination number of 6 , as in  hexamminocobaltic 
chloride, [Co(NH3)6]C13, the co-ordinated groups lie a t the apices 
of a regular octahedron described around the metallic atom. The 
resolution into optically active forms of various complex salts of 
eight different metals (Co, Cr, Bh, Fe, P t, Ir, Ru, and A1: also As), 
all having a co-ordination number of 6 , leaves little doubt of the 
correctness of Werner’s views.
Very great uncertainty still exists, however, w ith regard to  the 
configuration of the complex salts of metals having a co-ordination 
number of 4, e.g., tetramminonickelous chloride, [Ni(NH3 )4]Cl2. 
Biltz and Fetkenheuer (Z. anorg. Chem., 1914, 8 9 ,  121) claim to 
have prepared two distinct forms of the neutral non-ionic dichloro- 
diamminocobalt, [Cl2Co(NH3)2], and of the corresponding dibromo- 
and di-iodo-compounds, a result which would indicate th a t the four 
co-ordinated groups lie a t the corners of a square w ith the metallic 
atom a t the centre. This configuration would also explain the 
existence of two distinct forms of nickel iodate dihydrate, 
[(H20 )2M (I0 3)2] (Meusser, Ber., 1901, 3 4 ,  2438). Tschugaev (Ber., 
1906, 3 9 ,  3192), however, failed to detect any similar cis-trans- 
isomerism in a series of salts such as bissuccinimidobismethylamine- 
nickel, [(C4H 40 2N)2Ni(CH3 '*NH2)2]. Moreover, the existence of 
the stable salts, p (3' (3''-triam inotriethylam inenickel. thiocyanate, 
[NiN(C2H 4*NH2)3](SCN)2, and yy'y"' triaminotripropylaminenickel 
thiocyanate (Mann and Pope, J ., 1926, 482, 489) is more easily 
explained by assuming th a t the four co-ordination valencies, of the 
nickel atom are directed to the apices of a regular tetrahedron. 
Schlesinger {Ber., 1925, 5 8 ,  1877) found th a t copper, of co-ordination 
number 4, combines with certain bisimino-carboxylic acids to  give 
compounds existing in  two forms, and concludes th a t the copper 
complex has therefore the uniplanar configuration, a deduction 
opposed by Reihlen (Z. anorg. Chem., 1926, 1 5 1 ,  72), who considers 
the isomerism to be due to the presence of the two asymmetric 
nitrogen atoms in these compounds. Moreover, the recent resolution 
into optically active forms of 4-co-ordination derivatives of copper, 
zinc, and beryllium by Mills and Gotts (J., 1926, 3121) shows th a t 
such metallic complexes have the tetrahedral configuration, thus 
confirming the conclusions of Lowry and Burgess (J., 1924, 1 2 5 ,  
2081) with regard to the beryllium complex." On the other hand,
290-i
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the existence of two forms of m any derivatives of bivalent platinum  
and palladium, e.g., dichlorodiamminoplatinum, [Cl2Pt(N H 3)2], led 
Werner (loc. cit., p. 310) to consider th a t here the complex was 
uniplanar and the two forms cis-trans-isomerides. Reihlen and 
Nestle (Annalen, 1926, 447, 211) consider these compounds to  be 
merely polymeric forms having the tetrahedral configuration,* a 
conclusion opposed on experimental grounds by Grunberg (Z. anorg, 
Chem., 1926,157, 299) and Hantzsch {Ber., 1926, 59, 2761). Finally,, 
the uniplanar configuration has been given to  the dimethyltel- 
luronium dihalides by Yernon (J., 1920, 117, 90) to explain the- 
existence of two isomeric forms.
A ttem pts were therefore made to  obtain more decisive evidence 
with regard to  the configuration of the 4-co-ordination nickel 
complex by preparing certain complex salts which, if possessing 
the uniplanar configuration, should show cis-2nms-isomerism, and, 
if possessing the tetrahedral configuration, should be resolvable 
into optically active forms. Nickel was first combined with 
[3 -aminotriethylamine to  give bis - (3 - aminotriethylaminenichelou& 
thiocyanate, [Ni{(C2H 5)2N-C2H 4*NH2}2](SCN)2. This compound, if 
possessing the uniplanar configuration, should exist in the cis (la)
E t2N
(la.) C2H 4
N E V Et2N
\ \
Ni . c2h 4 92h 4 Ni
/ 'n h 2
V
h 2n
NIL,
C2H 4 {lb,).
^ NEtn
Et>N^ E t2
7  \ ,-Nv
C2H4 >Ni< \
\  / msZ
h 2N'- h 2
>C2H 4 (II.)
and the trans (16) form, whilst if possessing the tetrahedral con­
figuration (II),f it  should be resolvable into optically active forms 
owing to its dissymmetric nature. No evidence of cfs-frans-isomerism 
could be detected in  this compound, whilst the presence of the 
tertiary  nitrogen atoms rendered the complex so unstable th a t 
attem pts a t resolution could not be completed.
In  order to  avoid the presence of tertiary  nitrogen atoms, a  
new type of complex salt was prepared by co-ordinating nickel with 
P-bromo-ay-diaminopropane to  give bis-fi-bromo-ay-diaminopropane-
* Reihlen goes fu rther and  sta tes (A nnalen , 1926, 448, 316) th a t all 4-co­
ordination elem ents have the  te trahedral configuration.
t  The th ick  bonds are in  th e  plane of the  paper, the  th in  ones a t  righ t 
angles to  it.
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nickelous thiocyanate, [{(NH2*CH2)2CHBr}2Ni](SCN)2. If this com­
plex has the uniplanar configuration, the two co-ordinated ring 
systems lie in one plane, which is a t right angles to th a t in which 
the terminal bromine and hydrogen atoms lie : the complex should 
therefore show as-£raws-isomerism according as the two bromine
atoms are both on one side of the co-ordinated plane (III) or are
on opposite sides, respectively. If, however, the complex has the
B r. /C H 2—NH2-. ,NH 2—CH2v yBr
W  W  V /  (HI.)
h '  N c h 2—n h /  \ n h 2—c h /  N a
B r <\ C = C = C / 1
Hr \CHo—NH2-'' 4‘‘NH2~ C H /  \H  b '  \&
(IV.) (V.)
tetrahedral configuration, the two ring systems are a t right angles 
to each other (IV) : the complex thus possesses molecular dis­
symmetry, being structurally of the same type as the allene com­
pounds (V), and should be resolvable into optically active forms. 
Here again, however, the highly crystalline dithiocyanate showed 
no signs of cis-trans-isomerism, whilst attem pts a t resolution failed 
because of the labile character of the bromine atom s; e.g., the 
bis - p-bromo- ay - diaminopropanenickelous thiocyanate in hot aqueous 
solution changed rapidly into the highly crystalline bis-$-thiocyano- 
ay-diaminopropanenickelous thiocyanate, -
[{(NH2-CH2)2CH(SCN)}2Ni](SCN)2.
Although this compound is of the required type for the purposes 
of this investigation, its low solubility in water made i t  unsuitable 
for use. Attempts were made to  join a more stable group to  the 
central carbon atom, and in  particular to  prepare ay-di amino- 
isopropyl methyl ether, (NH2 ,CH2)2CH,0 ,CH3. aY-Dichlorohydrin 
reacts readily with potassium phthalimide to  give ay-diphthalimido-
isopropyl alcohol, (C g H ^ Q Q ^ N ’C H ^C H ’O H : the hydrpxyl
group is, however, so well protected (probably sterically) th a t i t  is 
extremely inert and could not be m ethylated. Dichlorohydrin was 
itself methylated to give dichloroisopropyl methyl ether (Hess and 
Fink,Ber., 1915,48,2003), bu t the chlorine atoms were now extremely 
inert and would not react w ith potassium phthalimide even when 
heated in a sealed tube a t 180° for 4 hours.
Nickel was next combined with the easily obtained ay-diamino- 
isopropyl alcohol to give bis-ay-diamino-fj-hydroxypropanenickelous 
thiocyanate, [{(NH2-CH2)2CH-OH}2Ni](SCN)2. Since, however, 
bivalent nickel may show a co-ordination number of 4 or of 6 , 
it is difficult to decide whether in  this compound the nickel has a
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co-ordination number of 4 and is combined solely with the four 
amino-groups, or of 6  and is combined with the four amino-groups 
and with the two hydroxyl groups. I t  was found, however, that 
the diamine co-ordinates with cobalt to give dihydroxybis-ay. 
diamino-ft-hydroxypropanecobaltic monochloride,
[{(NH2-CH2)2CH-OH}2Co(OH)2]C1, 
a compound in  which the alcohol molecules must be co-ordinated by 
the amino-groups alone, and it  was considered probable th a t the 
same held true of the above nickel compound, which should therefore 
be of the desired type. Again, however, no trace of cis-trans■ 
isomerism was detected, and all attem pts a t resolution failed.
fi-Methyltrimethylenediamine was now synthesised by converting 
[3 - methyl trim  ethylene dibromide into the corresponding diphthal 
imido-compound and hydrolysing it. The diamine was combined 
w ith nickel to give bis-$-methyltrimethylenediaminenicJcelous. thio- 
eyanate, [{CH3*CH(CH2*NH2) J 2Ni](SCN)2. This compound,
although highly crystalline, showed no evidence of cis-trans-iso­
merism, and all attem pts a t resolution again failed.
These repeated failures to resolve the nickel compounds may 
have been due either to the complex possessing the uniplanar 
configuration, or to the complex, if dissymmetric, undergoing such 
rapid racemisation th a t no evidence of resolution could be detected. 
The latter is presumably the reason for repeated failures in the past 
to  resolve 6 -co-ordination nickel derivatives, e.g., trisethylene- 
diaminenickel salts, and also tristriaminotriethylaminebisnickelous 
salts (Mann and Pope, loc. cit., p. 486).
An interesting point arises here. I t  is well known th a t the 
complex compounds of nickel in which the metal has a co-ordination 
number of 4 are much more stable than those in which the co-ordin­
ation number is 6  : yet nickel will combine with three molecules 
of the simplest aliphatic diamines, e.g., ethylenediamine and 
propylenediamine, to  give compounds such as trisethylenediamine- 
nickel chloride, [Ni en3]Cl2, which are sufficiently stable to  be isolated 
and sometimes even recrystallised, in spite of the fact th a t the 
m etal here has a co-ordination number of 6 . Yet in  the present 
investigation i t  was found th a t even if a nickel salt (nickel chloride 
in  aqueous solution: nickel succinimide in  alcoholic solution) was 
treated  with a very large excess of the various diamines employed, 
viz., (3-aminotriethylamine, ay-diaminoisopropyl alcohol, and (3- 
methyltrimethylenediamine, only two molecules of the diamine 
co-ordinated with the metal and no trace of a compound in  which 
the m etal had a co-ordination number of 6  could be isolated. 
Similarly raseocobaltic chloride on treatm ent with a large excess of 
diaminoisopropyl alcohol gave always dihydroxybisdiaminohydroxy-
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propanecobaltic monochloride, and again no compound in  wliicli 
three molecules of the diamine co-ordinated with the cobalt atom 
could be prepared. Many similar instances have previously been 
recorded. Thus nickel combines w ith only two molecules of 
dimethylglyoxime, to give [Ni(ONICMe*CMe.N*OH)2], and never 
with three molecules, whilst cobalt will give diamminobisdimethyl- 
glyoximecobaltic monochloride, [(ON.CMe*CMe.N‘OH)2Co(NH3)2]Cl, 
bu t will not combine with three molecules of the dioxime. Dicyano- 
diamidine gives diaquobisdicyanodiamidinenickel,
[{NH2-(NH:)C*N-C0-NH2}2Ni(H20 )2], 
but the two molecules of water cannot be replaced by a th ird  
molecule of the diamidine. This inability of nickel * to  combine with 
more than two molecules of any bu t the simplest double-bridging 
groups cannot be ascribed to  the general instability of 6 -co-ordin­
ation nickel compounds, since tristriaminotriethylaminebisnickelous 
tetraiodide is a very stable compound, in  spite of the presence of two 
weakly co-ordinating aliphatic tertiary  nitrogen atoms : i t  is more 
probably due to the difficult access of the th ird  molecule of the 
diamine. Thus if, when nickel is treated with an excess of, e.g., 
diaminoisopropyl alcohol, two molecules of the diamine co-ordinate 
first to give a 4-co-ordination complex having the uniplanar con­
figuration (VI), co-ordination of a th ird  molecule of the diamine
1
HOv / H — — h — ^ n h 2- c h 2 o h
\ ° \  / ■ / - > <  (VL)
H x c h 2—NH  m i l —  C H / H
1
6
would involve bridging the potential 1  : 6 -positions, which is 
structurally probably impossible. Similarly, with tervalent cobalt 
it is probable th a t the first two molecules of the diamine again 
occupy the 2 : 3 -  and 4 : 5-positions respectively; whence the 
distant 1 -and 6 -positions have to be occupied by simple unbridged 
groups as in dihydroxybisdiaminohydroxypropanecobaltic chloride 
and diamminobisdimethylglyoximecobaltic chloride.
Although the extreme difficulty of co-ordinating a th ird  double­
bridging group to the nickel atom can thus be explained on the 
assumption th a t the 4-co-ordination nickel complex has the uni­
planar configuration, it is, on the other hand, significant th a t in the 
present investigation the five different complex salts showed no
* Tervalent cobalt does no t always share th is  inability  : i t  will combine, 
e.g., w ith  3 molecules of a-nitroso-/?-naphthol (Morgan and  Sm ith, J ., 1921, 
119, 704).
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evidence of as-rfraws-isomerism, although all were highly crystalline 
compounds in which such isomerism should have been easily detected. 
The evidence for the configuration of the nickel complex thus 
remains conflicting.
A novel and apparently quite general reaction of 4-co-ordination 
nickel salts arose in the present investigation. Werner, in  order 
to  resolve certain complex salts of chromium {Ber., 1912, 45, 865), 
had recourse to crystallisation of the camphornitronates of the 
complex, prepared by simple double decomposition with the normal 
salts. Similar attem pts were made with these nickel complex 
salts, since crystallisation of the camphorsulphonates had failed 
to effect resolution. When, however, bis-p-methyltrimethylene- 
diaminenickelous n itrate is treated in cold aqueous solution with 
an excess of ammonium nitrocamphor, ammonia is a t once liberated, 
the solution changes in colour from deep blue to  green, and a rapid 
precipitation of the green, neutral, non-ionic biscamphornitronate-$- 
methyltrimethylenediaminenickel occurs, in accordance with the 
equation
[Ni{CH3-CH(CH2-NH2)2}2](N 03)2 +  2C10H 14O-NO2NH4 =
[(C10H 14O-NO2)2Ni{CH3-CH(CH2-NH2)2}] +  
CH3-CH(CH2-NH2,H N 03)2 +  2NH3.
A precisely similar reaction occurs with the corresponding com­
pounds of p- aminotriethylamine and diaminoisopropyl alcohol, 
thus providing further evidence th a t the latter diamine occupies 
only two co-ordination positions, i.e., is co-ordinated by the amino- 
groups alone and not by the hydroxyl group. The three compounds 
so obtained are soluble in the usual' organic liquids, but insoluble 
in  water, a property common to many neutral, non-ionic co-ordin­
ation compounds. I t  is probable th a t in these compounds the 
ketonic group in the camphor molecule is also linked by a subsidiary 
valency to  the nickel atom, which has therefore a co-ordination 
number of 6 (VII). In  this case the complex as a whole becomes
C = N < ^  \ ,NH2—CH2V /C H 3
c 8h 14< I  x
XX)  j  -NH2—C H /  \H
(V II.)
dissymmetric (in addition to  the dissymmetric character of the 
constituent camphor residues) and the recrystallised compounds 
in  solution might be expected to show m utarotation owing to  slow 
racemisation of the complex itself. No such m utarotation was 
shown in chloroform solution, however, by the three compounds 
of this type available.
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I t  is obvious th a t the new diamine, p-methyl trim  ethylene - 
diamine, should prove extremely useful in the solution of various 
problems connected with the stereochemistry of complex salts. 
Its  use will unfortunately be limited, because the preparation of 
p-methyltrim ethylene dibromide is extremely slow and tedious 
and the yield of the diphthalimido-compound is very small owing 
to side reactions. The diamine, however, co-ordinates with bivalent 
platinum to give bis-$-methyltrimethylenediamineplatinous chloride, 
[Pt{CH3,CH(CH2,NH2)2}2]Cl2 . This compound is now being further 
investigated, since the occurrence of cis-irans-isomerism or of 
optical activity would solve the vexed question of the configuration 
of the complex platinous salts.
E x p e r i m e n t a l .
All rotations given in this paper have been measured a t  15° in 
a  4-dcm. polarimeter tube.
The Complex Salts of $-Aminotrieihylamine.
$-Aminotriethylamine, N(C2H 5)2*CH2*CH2dSTH2.—In  view of the 
low solubility of phthal-P-bromoethylimide in diethylamine, Risten- 
part’s preparation of this base can with advantage be modified as 
follows : Phthal- p-bromoethyflmide (23 g.), diethylamine (18-3 c.c.), 
and anhydrous xylene (50 c.c.) were confined in a round-bottomed 
bottle and heated a t 100° for 10 hours, diethylamine hydrobromide 
slowly crystallising from the clear solution. The cold mixture was 
acidified with hydrochloric acid (1 : 1 by vol.), the xylene removed 
by steam distillation, and the residue hydrolysed by boiling under 
reflux, with the addition of fresh acid, for 3 hours. The product 
was then made alkaline and steam-distifled. The mixture of 
bases which separated when the distillate was saturated w ith 
potassium hydroxide was dried over fresh potash and then fraction­
ally distilled, p - Aminotriethylamine was obtained as a colourless 
liquid, b. p. 144—146°.
Bis - (3 - aminotriethylamineniclcelous Thiocyanate.— p - Aminotri - 
ethylamine (15-8 c .c .; 3 mols.) was added to  a  solution of nickel 
succinimide (15-0 g.) in hot absolute alcohol (500 c.c.), and the whole 
boiled under reflux for 4 hours. The cooled filtrate from the con­
centrated solution, when treated  with an equal volume of a saturated 
alcoholic solution (90%) of potassium thiocyanate, yielded almost 
immediately the above thiocyanate, which, after 3 hours, was washed 
with water, alcohol, and ether (yield 10-4 g., i.e., 68% calculated 
on the nickel taken). The yield was considerably decreased if the 
alcohol used in the preparation was no t absolute, or if the above 
large excess of the amine was not employed. In  spite of this excess,
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no compound in  which the nickel had combined with more than  two 
molecules of the amine could be isolated. The thiocyanate crystal­
lised from absolute alcohol in  lilac-blue needles, m. p. 213—214° 
(decomp.) after shrinking a t 204° (F ound: C, 41-5; H, 8-0; N, 
20-7; Ni, 14-4. C14H39N 6S2Ni requires C, 41-3; H, 7-9; N, 20-65; 
Ni, 14-4%).
The chloroplatinate, [{N(C2H 5)2*C2H4*NH2}2Ni]PtCl6, was pre­
cipitated on addition of a solution of the thiocyanate (0-5 g.) in 
acetone (35 c.c.) to a solution of sodium chloroplatinate (0-9 g.) in 
water (5 c.c.) and acetone (30 c.c.), and was obtained, after being 
washed with water, acetone and ether, as an apricot-coloured 
powder, insoluble in boiling water and alcohol. I t  darkens at 
165—168° and shrinks to a plastic rod a t 179—181° (F ound: C, 
20-4; H, 4-6. C12H 32N4Cl6N iP t requires 0, 20-6; H, 4-6%).
Attempted Preparation of the d-Camphor-sulphonate of the 
Complex.—H ot solutions of bisaminotriethylaminenickelous thio­
cyanate (5 g.) in alcohol (300 c.c.) and of silver d-camphorsulphonate 
(8-3 g.) in alcohol (100 c.c.) were mixed, boiled for 5 minutes, and 
filtered. The fine, very pale blue, crystalline precipitate deposited 
on cooling was difficult to  filter off and recrystallise. Eventually, 
1 g. portions were dissolved in a little boiling absolute alcohol, 
and the solutions filtered quickly. The filtrates deposited very 
pale blue (almost white) crystals, m. p. 175—176°. This very pale 
blue colour is characteristic of m any neutral non-ionic nickel com­
plex salts, such as nickel succinimide, [(H20 )2Ni(NC4H40 2)2] : 
the camphorsulphonate,, moreover, in alcoholic solution gave no 
precipitate with sodium chloroplatinate, although the chloro­
platinate of the complex [{N(C2H 5)2,C2H4*NH2}2Ni],/ is insoluble 
in  alcohol. I t  is probable, therefore, th a t the camphorsulphonate 
radicals had entered the complex, and the nickel had thus increased 
its co-ordination number to  6, giving the neutral non-ionic bis-d- 
camphorsulphonatebisaminotrieihylamineniclcel,
[(C10H 15O-SO3)2Ni{N(C2H 5)2-C2H 4-NH2}2]
(Found: N, 7-4; S, 8-4; Ni, 7-45. C32H 620 8N4S2N irequires N, 7-4; 
S, 8-5; Ni, 7-8%).
. The d.-a.-bromocamphor-'K-sulphonate was obtained from the 
thiocyanate (5 g. in  hot alcohol, 300 c.c.) and silver d-a-bromo- 
camphor-rc-sulphonate (10-7 g. in alcohol, 150 c.c.), the conditions 
and difficulties of the preparation being similar to  those described 
above. Also, for reasons similar to  those mentioned above, the 
very pale blue product, m. p. 165—168° (decomp.), probably 
has the constitution [(C10H 14BrO-SO3)2Ni{N(C2H 5)2-C2H 4-NH2}2] 
(Found : N, 5-9; Ni, 6-7, 6-65. C32H 60O8N4S2Br2Ni requires N, 
6-15; Ni, 6-4%).
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1 The alcoholic solution from which this compound originally 
separated was concentrated and cooled, and the precipitate of the  
nickel complex compound filtered off. The filtrate was evaporated 
to dryness, and the residue twice recrystallised from benzene, from 
which the d-a-bromocamphorsulphonate of fi-aminotriethylammonium 
hydroxide, (C10H 14OBr-SO3H,NH2-C2H 4)-NH(C2H 5)2-OH separated 
in white crystals, m. p. 80—82° (Found: C, 43-5; H, 7-4; N,
6-5; Br, 17-9. C16H330 5N2BrS requires C, 43-15; H, 7-5; N, 6-3; 
Br, 17-95%). The identity of this compound was confirmed by 
mixed melting-point determinations with the product obtained by 
treating bromocamphorsulphonic acid in  alcoholic solution w ith 
an excess of the base, evaporating the solution to dryness, and 
recrystafiising the residue from benzene. The presence of th is 
compound in the original preparation shows th a t further decom­
position of the complex occurs in hot alcoholic solution, the diamine 
being split off from the m etal and becoming partially neutralised 
by the sulphonic acid.
Bis-d-camphornitronateaminotriethylaminenickel,
[(C10H 14O-NO2)2NiN(C2H 5)2-C2H 4-NH2].
—Finely-powdered silver d-camphornitronate (4-5 g.) was added to  a 
solution of bis - p - aminotr iethy lamineniekelous thiocyanate (3-0 g.) 
in boiling alcohol (300 c.c.). After being boiled for 10 minutes and 
filtered, the deep olive-green solution was evaporated under 
reduced pressure to  small bulk, again filtered, and then diluted 
with a little hot water. The precipitate was recrystallised from 
hot aqueous alcohol (95%), and the product thus obtained in deep 
olive-green crystals, m. p. 258—260° (decomp.) after softening 
a t 248° (Found : 0, 54-9; H, 7-6; N, 9-8. C26H 440 6N4Ni requires C, 
55-0; H, 7-8; N, 9-9%). A 0-212% solution in  chloroform had 
a546i +  2-33°, whence [a]5461 +  275°, and [Af]5461 +  1560° : this 
rotation remained unchanged for 20 hours.
The Complex Salts of $-Bromo-ay-diaminopropane.
$-Bromo-<xy-diaminopropane, (NH2*CH2)2CHBr.—Gabriel’s pre­
paration of the dihydrobromide of this base {Ber., 1889, 22, 225) was 
modified as follows : A m ixture of diphthalimidoisopropyl alcohol 
(7-0 g.) and a saturated solution of hydrogen bromide in acetic acid 
(23 c.c.) was heated in a sealed tube a t 100° for 30 hours w ith 
occasional shaking. After cooling, the precipitate was filtered 
off, washed with alcohol, and recrystallised from acetic acid, from 
which uy-diphthalimidoisopropyl bromide separated in colourless 
crystals, m. p. 196—198° (Found : N, 6-6; Br, 19-2. C19H 130 4N2Br 
requires N, 6-8; Br, 19-3%). This compound was boiled under 
reflux with hydrobromic acid of constant b. p., and the clear solution
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was chilled, filtered from phthalic acid, and evaporated until, 
on cooling, the dihydrobromide of (3-bromo-ay-diaminopropane 
crystallised. The latter, when washed with alcohol and dried, 
was pure.
Bis-$-bromo-uy-diaminopropanenickelous Thiocyanate.—-A solution 
of p-bromo-ay-diaminopropane dihydrobromide (13-0 g.) in 15% 
aqueous sodium hydroxide (19-0 c.c.) was added to one of nickel 
succinimide (6-0 g.) in boiling alcohol (240 c.c.), the green colour 
of the nickel solution changing a t once to blue. The solution was 
boiled for 15 minutes, filtered, reduced to  small bulk, and treated 
with a saturated solution of potassium thiocyanate in 95% alcohol. 
The precipitate was filtered off after 2 hours and washed with water, 
alcohol and ether. The thiocyanate was thus obtained as a fine 
pink powder, m. p. 200—203° (decomp.) after shrinking and darken­
ing a t  160°. I t  is insoluble in all the usual organic liquids, and is 
decomposed by hot water (Found : C, 20*0; H, 3-8; Br, 33-2; Ni, 
12-2. C8H 18N 6Br2S2Ni requires C, 20-0; H, 3-8; Br, 33-25; Ni,
12-2%). If this compound is kept in contact with the original 
solution for more than  2 hours, i t  becomes contaminated with 
deep blue crystals of bis-$-thiocyano-ay-diaminopropanenickelous 
thiocyanate. The latter compound was obtained pure by boiling 
bis-p-bromo-ay-diaminopropanenickelous thiocyanate with water, 
a  deep blue solution being obtained. The concentrated solution on 
quick cooling gave a fine blue, crystalline powder, whilst the dilute 
solution on slow cooling gave deep blue, heavy prisms; both 
deposits, after being washed with water, alcohol and ether, had 
m. p. 247—248° (decomp.) (Found: C, 27-5, 27-6; H, 4-4, 4-3; 
S, 29-4; Ni, 13-4. C10H 18N 8S4Ni requires C, 27-5; H, 4-15; S, 
29-3; Ni, 13-4%).
ay-Dichloroisopropyl methyl ether, (CH2C1)2CH>0-CH3, was 
obtained as a colourless liquid, b. p. 66-5—67°/24 mm., having a 
characteristic peppermint-like odour (Found : C, 33-5; H, 5-7. 
Calc, for C4H 80C12 : C, 33-6; H, 5-6%). When it was heated with 
an excess of potassium phthalimide in a sealed tube a t  180° for 4 
hours, much remained unchanged and no diphthalimido-derivative 
could be isolated.
The Complex Salts of uy-Diaminoisopropyl Alcohol.
ay-Diaminoisopropyl Alcohol Dihydrochloride, 
(CH2-NH2,HC1)2CH*0H.
—Diphthalimidofcsopropyl alcohol, prepared by Gabriel’s method 
{Ber., 1889, 22, 224), was boiled under reflux with concentrated 
hydrochloric acid; the clear solution obtained, when chilled, 
filtered, and evaporated, gave the pure crystalline dihydrochloride.
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Dihydroxybis-v.y-diamino-$-hydroxypropanecobaltic Monochloride. 
—A solution of diaminoisopropyl alcohol dihydrochloride (12-2 g . ; 
2 mols.) in 10% aqueous sodium hydroxide (59 c.c.) was added to  a 
m ixture of rosfio-cobaltic chloride (10 g.) and water (150 c.c.), and 
the whole heated under reflux on a water-bath for 3 hours, ammonia 
being freely evolved. The solution was then boiled for 30 minutes, 
filtered, and evaporated until crystals appeared. After cooling, 
the latter were collected and recrystallised from hot water, the 
cobaltic monochloride separating in dark red needles (Found : C, 
23-6; H, 7-2; N, 17*9; Cl, 11*6. C6H 220 4N4C1Co requires C, 23-3; 
H, 7-2; N, 18-1; Cl, 11*5%). If the original solution was treated  
with potassium thiocyanate before the chloride started to crystallise, 
the corresponding monothiocyanate separated; after recrystallisation 
from water, it was obtained in fine, dark red crystals, decomp. 
240—250° after shrinking a t about 230° (Found : C, 25-2; H, 6-7; 
N, 21-0. C7H 220 4N 5SCo requires C, 25-3; H, 6-7; N, 21-1%). A 
solution of the pure chloride, when treated with potassium iodide, 
gave the monoiodide, which also recrystallised from water in deep 
red leaflets (Found: C, 18*1; H, 5*5; I, 3T5. C6H 220 4N4ICo 
requires C, 18-0; H, 5-5; 1, 31-7%).
Bis-ay-diamino-$-hydroxypropanenickelous Thiocyanate.—A sol­
ution of diaminoisopropyl alcohol dihydrochloride (17 g.) in water 
{50 c.c.) was treated with 10% aqueous sodium hydroxide (80-5 c.c.), 
and the^ whole added to a solution of hydrated nickel chloride 
(12 g.) in water (100 c.c.). The solution so obtained was heated 
under reflux on a water-bath for 4 hours, filtered, and concentrated. 
The addition of potassium thiocyanate solution gave the thiocyanate 
as a violet precipitate, which separated from hot water as a pale 
violet, crystalline powder, m. p. (to a clear blue liquid) 161—163° 
after shrinking a t 105° (Found : C, 27-2; H, 5-6; N, 23-4; Ni, 16-7. 
C8H 20O2N 6S2Ni requires C, 27-1; H, 5-7; N, 23-7; Ni, 16-5%).
The original solution, when diluted with potassium iodide solution,, 
slowly deposited the corresponding' di-iodide, which separated from 
water, in which it  was very soluble, in deep bluish-violet crystals, 
m. p. 239—242° (decomp.) (Found: C, 14-7; H , 4-1; I, 51-4. 
C6H20O2N4I 2Ni requires C, 14-6; H, 4-1; 1,51-5%).
Bis-a.y-diamino-$-hydroxypropanenicTcelous d-Camphor- (3 - sulphon­
ate , [{(OH2*NH2)2CH,OH}2Ni].(010H 15O,SO3)2.—H ot aqueous solu­
tions of the thiocyanate (10 g.) and of silver d -camphorsulphonate 
(19-2 g.) were mixed, boiled for 5 minutes, filtered, and evaporated 
to  dryness. The powdered residue was recrystallised from alcohol 
(charcoal), and the d -camphor-^-sulphonate obtained in  pale lilac- 
blue crystals (Found: N, 8-2, 8-1; Ni, 8-6. C26H 50O10N4S2Ni 
requires N, 8-0; Ni, 8-4%).
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This camphorsulphonate was recrystallised seven times from 
alcohol, and its rotation for the mercury violet line (the only light 
which would penetrate the deep violet solutions) was then com­
pared with those of the actual specimens of highly purified zinc and 
magnesium dicamphorsulphonates which Graham (J., 1912, 101, 
746) had prepared for rotatory determinations. The following 
readings were all made a t 15° in a 4-dcm. tube. X =  4062; c — con- 
centration of the solution in g./lOO c.c .; A denotes C10H 15O S 0 3.
Substance. c. a. [a].
[{(CH2-NH2)2CH-OH}2M ]A 2 ... 1-7466 +3-60° +51-5° + 3 6 1 °
MgA2,6H 20  .................................  1-8824 + 4 -60  + 61-1  + 3 6 3
ZnA2,6H 20  .................................  1-8699 + 4-25  + 56 -8  + 3 6 1
These results show th a t the activity of the complex nickel salt 
is due solely to  the camphorsulphonate radicals, and not to  the 
complex itself. This was confirmed by reconverting the camphor­
sulphonate into the thiocyanate : the latter was inactive.
Bis - d - camphornitronate - ay - diamino - (3 - hydroxypropanenickel, 
[(C10H 14O-NO2)2Ni{(CH2-NH2)2CH-OH}].—Hot aqueous solutions of 
the above thiocyanate and of silver n itrate (2 mols.) were mixed, 
boiled for 5 minutes, filtered, concentrated and chilled, a solution 
of the very soluble bis-ay-diamino-(3-hydroxypropanenickelous 
nitrate being thus obtained. The addition of a concentrated cold 
aqueous solution of ammonium nitrocamphor (2-5 mols.) caused the 
violet colour to  change immediately to green, and the solution, 
after 12 hours, deposited a fine, green precipitate. This, when dry, 
was soluble in nearly all the usual organic solvents : i t  was finally 
recrystallised from anhydrous benzene, from which bis-d-camphor- 
nitronate-ay-diamino-$-hydroxypropanenichel separated as a fine, 
olive-green powder with a molecule of benzene of crystallisation 
(Found: C, 56-5; H, 7-2; Ni, 9*3; C6H 6, 12-3. C ^ H ^ O ^ N i 
requires C, 56-25; H, 7-2; Ni, 9-5; C6H 6, 12-6%), which was lost 
in a vacuum a t 80°, leaving the pure product as an olive-green 
powder; this shrank and blackened up to 210° (F ound: C, 51-2; 
H, 7-0; Ni, 10-8. C23H 380 7N4Ni requires C, 51-0; H, 7-05; Ni, 
10-85%). A 0-272% solution of the benzene-free m aterial in 
chloroform had a5461 +  2-89°, whence . [a]5461 +  266° and 
[M]5461 -j- 1440°. No change in rotation occurred during 20 hours.
The Complex Salts of $-Methyltrimethylenediamine.
ay-Diphthalimido-$-methylpropane, CH3-CH(CH2*N.‘C20 2!C6H 4)2.— 
A uniform m ixture of potassium phthalimide (32 g.) and (3-methyl- 
trimethylene dibromide (Faworski, Annalen, 1907,354, 384) (10 c.c.) 
was heated a t 175—180° for 6 hours. The cold product was 
pulverised and extracted twice with boiling carbon tetrachloride
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(200 +  80 c.c.), giving 16 +  1-5 g. of the crude diphthalimido- 
compound and leaving a residue of potassium bromide and a small 
quantity  of phthalimide. The phthalimido-compound was twice 
crystallised from boiling alcohol (400 c.c. each time), and ay-di- 
phthalimido-fi-methylpropane obtained in fine, white, crystalline 
scales, m. p. 169—171° (Found: C, 68*8; H, 4’8; N, 8*1. 
€ 20H 16O4N2 requires C, 68-9; H, 4-6; N, 8*05%).
(3-Methyltrimethylenediamine Dihydrodiloride, 
CH3-CH(CH2-NH2,HC1)2.
— ay-Fiphthalimido-p-methylpropane (12 g.) and concentrated hydro­
chloric acid (50 c.c.), heated in a sealed tube a t  160° for 18 hours, 
the tube being inverted from time to time to  mix the contents, 
gave a clear pale brown solution; this, when cold, was filtered from 
phthalic acid and concentrated. The dihydrodiloride was now 
obtained in three successive crops by (a) crystallisation from the 
concentrated aqueous solution, (6) diluting the filtrate from the 
first crop with alcohol, and (c) further dilution with ether [Found : 
(a) Cl, 43-9, (b) C, 29-8; H, 8-7; Cl, 44-0, (c) Cl, 43-9. C4H 14N2C12 
'requires C, 29-8; H, 8-8; Cl, 44-0%]. I t  separated in deliquescent, 
fine, white crystals, m. p. 195—197°, very soluble in water, b u t 
insoluble in alcohol and ether.
The dihydrobromide was similarly obtained by means of con­
centrated hydrobromic acid, and separated, when the final con­
centrated solution was diluted with alcohol, in colourless needles, 
m. p. 227—229° (decomp.) (Found : Br, 64-0. C4H 14ISr2Br2 requires 
Br, 64-0%).
The dibenzoyl derivative, CH3,CH(CH2*NHBz)2, prepared in  the 
usual way, after crystallising twice from benzene and once from 
acetone, was obtained in fine, white crystals, which melted with 
effervescence a t 92—93°, rapidly resolidified, and remelted a t 136— 
138° (Found: C, 73-2; H, 6-85. C18H 20O2N2 requires C, 73'0; 
H , 6-8%).
Bis-$-methyltrimethylenediaminenidcelous Thiocyanate.—A mixture 
of a solution of (3-methyltrimethylenediamine dihydrochloride 
(9-0 g .; 2-2 mols.) in 10% aqueous sodium hydroxide (20 c.c.) with 
a solution of nickel suceinimide (10 g.) in boiling alcohol (300 c.c.) 
rapidly became blue. I t  was boiled under reflux for 1 hour, filtered 
from a small quantity of an apple-green precipitate, and con­
centrated. The cold solution, on treatm ent with a concentrated 
aqueous solution of potassium thiocyanate, rapidly gave a  bluish- 
red precipitate of the thiocyanate of the nickel complex. The 
latter can be recrystallised quickly from hot water, bu t prolonged 
boiling causes the precipitation of a green sludge. After two 
recrystallisations, the thiocyanate was obtained in deep blue needles,
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m. p. 226—228° (decomp.) (Found: C, 33-9; H, 6*9; N, 24-0. 
C10H 24N 6S2Ni requires C, 34-2; H, 6-9; N, 23-9%).
Bis-$-methyltrimethylenediaminenickelous d-Camphor-(3 -sulphonate,, 
[Ni{CH3*CH(CH2*NH2)2}2](C10H 15O*SO3)2.—Solutions of the above 
thiocyanate (6 g.) in hot water (120 c.c.) and of silver d-camphor- 
sulphonate (11-8 g.) in water (100 c.c.) were slowly mixed and then 
boiled for 5 minutes. F iltration gave a clear blue solution which, 
when concentrated and chilled, furnished the d -camphorsulphonate 
in fine, lilac-blue scales. These were recrystallised twice from 
alcohol, and then had m. p. 287—288° (decomp.) (Found : C, 48*5; 
H, 7-7; N, 8-05; Ni, 8-4. C28H 540 8N4S2Ni requires C, 48-2; H, 
7*8; N, 8-0; Ni, 8-4%). This material was recrystallised seven 
times from alcohol, and so obtained as pale blue, minute crystals 
(Found: C, 48-3; H, 7-7% ): a 1-098% aqueous solution had 
* a 4062 +  2-11°, whence [a]4062 +  48-0° and [ if]4062 +  335°. This 
sulphonate was reconverted in cold aqueous solution into the 
thiocyanate, which was inactive. A further preparation of the 
camphorsulphonate was recrystallised six times from water, and so 
obtained as the monohydrate (Found : C, 46-8; H, 8-2.
C28H 540 8N4S2Ni,H20  
requires C, 47-0; H, 7-9%) : this, in 1-059% aqueous solution, had 
a 4062 +  2-17°, whence [a]4062 +  51-2° and [-M]4062 +  366°, bu t once 
again furnished an inactive thiocyanate.
Bis-d-camphornitronate-$-methyltrimethylenediaminenicTcel, 
[(CioHi40 ‘N 0 2)2Ni{CH3*CH(CH2*NH2)2}].—A solution of the d-cam­
phorsulphonate (5 g.) in water (50 c.c.) was treated with an excess 
of ammonium nitrocamphor (3-5 g.), also dissolved in water (25 c.c.). 
A green precipitate rapidly appeared, and the solution smelt strongly 
of ammonia. The precipitate was washed with water and recrystal­
lised from alcohol, from which the nitronate separated in fine, olive- 
green crystals, m. p. 293—295° (decomp.) (Found: C, 53-4; H ,
7-4; Ni, 10-8. C24H 40O6N4Ni requires C, 53-4; H, 7-5; Ni, 10-9%). 
A 0-273% solution in chloroform had a5461 +  3-52°, whence 
[a]546i +  322° and [iif]5461 -j- 17 36° : the activity remained un­
changed for 24 hours. This compound is only slightly soluble in 
water, but is soluble in nearly all the usual organic solvents.
The Complex Salts of (3-Methyltrimethylenediamine with Bivalent 
Platinum.—A solution of ammonium chloroplatinite (4 g.) in water 
(20 c.c.) was added to  one of methyltrimethylenediamine dihydro­
chloride (5-4 g .; 3 mols.) in 10% aqueous sodium hydroxide (12-8 c.c.). 
A pale yellow precipitate slowly separated, and after 2 hours the  
m ixture was heated under reflux on a water-bath for a further 8 
hours, and then chilled. The precipitate was filtered off and 
recrystallised from hot water, from which dichloro-fi-methyltri-
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methylenediamineplaiinum, [Cl2Pt{CH3* CH (CH2*NH2) 2} ], separated in. 
very pale yellow crystals, m. p. 273—276° (decomp.) (F ound : C,
13-5; H, 3-45; P t, 55-0. C4H 12lSr2Cl2P t requires C, 13-5; H, 3-4; 
P t, 55-1%). Tlie original filtrate was now evaporated to  about 
balf its original volume, and on quick cooling, bis-$-methyltri~ 
methylenediamineplatinous chloride, [Pt{CH3*CH(CH2*NH2)2}2]Cl2, 
separated as a fine, white, crystalline powder, m. p. 266—267a 
(decomp.) after darkening a t about 240° (Found : C, 21-4; H, 5-45; 
P t, 44-2. C8H24N4Cl2P t requires C, 21-7; H, 5-5; P t, 44*1%). 
The filtrate, on standing several days, deposited a  m ixture of 
colourless crystals of sodium chloride and very pale yellow crystals 
of the platinous dichloride compound. The la tter could be very 
easily separated by hand, and no indication of cis-trans-isomevio 
forms could be detected.
T h e  U n i v e r s i t y  C h e m i c a l  L a b o r a t o r y ,
C a m b r i d g e .  [Received, A ugust 29th, 1927.]
P a in t e d  i n  G r e a t  B r it a in  b y  R ic h a r d  C l a y  & S o n s ,  L ia u t e d ,  
BUNGAY, SUFFOLK.
Reprinted from the Journal of the Chemical Society, 1928.
CLXIV.—The Complex Salts of p-Methyltrimethylene­
diamine with Bivalent Platinum.
By F r e d e r i c k  G e o r g e  M a n n .
B iv a l e n t  platinum, of co-ordination number 4, forms complex 
salts which usually have the uniplanar configuration : there is, 
however, some evidence th a t certain such salts have the tetrahedral 
configuration. For instance, considerations of structure alone make 
it  highly probable th a t P p' P' '-triaminotriethylamineplatinous di­
iodide, [PtN(CH2*CH2*NH2)3]I2 (Mann and Pope, Proc. Boy. Soc., 
1925, A , 109, 457), has the tetrahedral, rather than  the uniplanar, 
configuration. Bis (triaminopropane-monothiocyanate)platinous 
dithiocyanate, [Pt{NH2-CH2-OH(NH2)-CH2-NH2,HSCN}2](SCN)2, is 
identical in type with the corresponding cupric salt (Mann, this vol., 
p. 890) : since the tetrammino-cupric complex is known to have the 
tetrahedral configuration, it is again highly probable th a t the 
platinous salt also has the same configuration. Attem pts were made 
to obtain more decisive evidence by a further study of the salts of 
the bis(p-methyltrimethylenediamine)platinous complex,
CH3.  c  .C H 2-NH2^ >p, / N H 2-CH2.  r  .C H ^ 
H > b -\C H 2-NH2" ' r t ^ N H 2-CH2> L<-H
(Mann, J., 1927, 2917). If this complex has the uniplanar con­
figuration, its salts should show cis-trans isomerism according as the 
two methyl groups are on the same or opposite sides of the common 
plane of the two rings : if it  has the tetrahedral configuration, the 
two ring systems are a t right angles to  each other, and the molecular 
dissymmetry thus produced should render its salts capable of 
resolution into optically active forms.
The six salts of this complex which have been isolated showed no 
sign of cis-trans isomerism, although they were all highly crystalline
1261
1 2 6 2 MANN : . THE COMPLEX SALTS OF
compounds in which such isomerism should have been readily- 
detected : moreover, their widely differing solubilities make it 
extremely unlikely th a t a more soluble isomeride remained in solu­
tion in each case, and so avoided identification. The camphor- 
sulphonate, bromocamphorsulphonate, and tartrate, on the other 
hand, could not be resolved into optically active forms. Such 
salts, like those of the corresponding nickelous complex (Mann, 
loc. cit.), thus provide no evidence as to  the configuration of the 
metallic complex. If the complex is uniplanar, this may be due 
to  one isomeride being relatively so stable th a t it is formed to  the 
almost complete exclusion of the other : if the complex is tetrahedral, 
the absence of evidence may be due to very rapid racemisation of 
the salts in solution.
E x p e r i m e n t a l .
All rotations have been measured a t 15° in a 4-dcm. polarimeter 
tube, using the mercury green line (X =  5461).
Bis(fi-methyltrimethylenediamine)platinous Dichloride, 
[Pt{CH3-CH(CH2-]m 2)2}2]Cl2.
—A solution of (3-methyltrimethylenediamine dihydrochloride (12 g . ; 
3 mols.) in 10% aqueous sodium hydroxide (58 c.c.) was added to  a 
solution of potassium ehloroplatinite (10 g.) in water (150 c.c.), and 
the whole boiled gently under reflux. The red colour of the 
ehloroplatinite rapidly faded, and long, colourless needles separated; 
these slowly redissolved, giving a colourless solution. The latter, 
when concentrated on the water-bath, can be used for the preparation 
of most salts of the complex. ,
The dichloride was obtained when the colourless solution was 
allowed to cool and. crystallise: it  separated in long, colourless, 
uniform needles, m. p. 266—267° (decomp.).
The dibromide, obtained by treating the colourless solution with 
saturated sodium bromide solution, was recrystallised from water, 
and separated in colourless needles, m. p . 266—268° (decomp.) 
(Found: C, 18-0; H, 4-55; F t, 36-6. C8B^4N4Br2P t requires C, 
18-1; H, 4-55; P t, 36-7%).
The di-iodide, similarly obtained by precipitation with potassium 
iodide, when recrystallised from hot water gave colourless, crystalline 
leaflets, m. p. 263—264° (decomp.) with preliminary darkening 
(F ound : C, 15*4; H , 3-9; P t, 31-2. C8H 24N4I2P t requires C, 15*4; 
H, 3-9; P t, 31*2%). The di-iodide, owing to  its very slight solu­
bility in cold water, is the best form in which to isolate the complex 
from the colourless solution obtained in the original preparation.
The dinitrate, obtained from the original solution by treatm ent 
with sodium nitrate, separates on recrystallisation from hot water
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in large, dense, colourless crystals, winch are only slightly soluble 
in cold water. On heating, it deflagrates violently (Found : 0, 19-2; 
H, 4*9; P t, 39-1. C8H 240 6N 6P t requires C, 1 9 4 ; H , 4*9; P t,
394% ).
The di-d-camphor-$-sulphonate monohydrate,
[Pt{CH3-OH(CH2-]SrH2)2}2](C10H 15O-SO3)2,H2O, 
was obtained by treating the di-iodide in hot aqueous solution w ith 
the calculated quantity of silver d- camphor sulphonate. The solu­
tion, when boiled, filtered, and concentrated, gave the sulphonate in 
fine, colourless crystals, moderately easily soluble in cold water. 
These were recrystallised three times from water, and then had 
m. p. 279—281° (decomp.) (Found: C, 39*6; H, 6*6; P t, 23-2. 
C28H 560 9N4S2P t requires C, 39-5; H , 6-6; P t, 22-9%). A 1467%  
aqueous solution had a  =  +  0-90°, [a] =  +  15°, [M] =  +  130° : 
neither the rotation nor the decomposition point was changed by 
further recrystallisation from water. Since Graham (J., 1912, 101, 
746) has found the camphorsulphonate ion a t similar concentration 
to have an average value of [M] — 66°, the rotation of the above 
salt must have been due to the sulphonate ions alone : this was 
confirmed by converting the dicamphorsulphonate into the dibromide, 
which was inactive.
The di-d-cc-bromocamphor-Tz-sulphonate was prepared by mixing 
very dilute hot aqueous solutions of the di-iodide and of the calculated 
quantity of silver ^-bromocamphorsulphonate: from the filtered, 
cooled mixture, the very sparingly soluble di-d-bromocamphor- 
sulphonate separated rapidly in  long colourless needles, which on 
heating decomposed slowly between 278° and 285° (Found : C, 34-0; 
H, 5*25; P t, 19*7. C28H 520 8N4Br2S2P t requires C, 33*9; H , 5-3; 
Pt, 19*7%). After three recrystallisations of the salt from water, a  
0-8453% solution had a  =  +  2*34°, [ a]  =  +  69-2°, and [M] —  - f  686°. 
Since the bromocamphorsulphonate ion has [If]  =  347°, the 
rotation of the complex salt is again due solely to  the sulphonate ions.
The ditartrate was obtained by adding freshly prepared, finely 
powdered silver ta rtra te  to  a hot solution of the di-iodide; after 
boiling for |  hour, the solution was filtered and concentrated. 
The concentrated aqueous solution of the tartra te , however, would 
not crystallise, bu t remained as a thick syrup. The la tte r was 
therefore taken up in a little  water and fractionally precipitated with 
alcohol; this precipitation was repeated twice and the final syrup 
redissolved in water and converted into dibromide. The la tter, 
however, was inactive.
T h e  U n i v e b s i t y  C h e m i c a l  L a b o b a t o b y ,
C a m b b i d g e .  [Received, March 24th, 1928.]
P r in t e d  i n  G r e a t  B r i t a i n  b y  B i c h a r d  C l a y  & S o n s , L i m i t e d ,
BUNGAY, SUFFOLK.
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XGIV.—The Stability of Complex Metallic Salts.
By F r e d e r i c k  G e o r g e  Ma n n .
T h e  stability of the complex metallic salts is commonly con­
sidered to be based on the electronic structure of tbe m etal when 
so co-ordinated, since the metal in its simple salts, when co-ordin­
ating with amine molecules or further acid radicals, endeavours to  
increase the number of its electrons to  th a t of the next inert ga& 
(Lowry, CTiem. and Ind., 1923,1 ,  318; Sidgwick, J ., 1923,1 2 3 ,  725; 
“ The Electronic Theory of Valency,” 1927, 113).f If, then, it  is 
assumed th a t co-ordinated amine, water, sulphide, or other mole­
cules are bound to the metal by “ semi-polar double bonds ” (Lowry) 
or “ co-ordinate lin k s” (Sidgwick), contributing in  each case 2
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electrons per molecule to  the metal, and th a t co-ordinated acid 
radicals are bound by covalencies, contributing 1 electron pet 
monobasic radical to  the m etal, a reasonable explanation is afforded 
of the great stability of, e.g., the complex salts of tervalent cobalt 
and  rhodium and of quadrivalent platinum, all of co-ordination 
num ber 6. For instance, cobalt of atomic number 27 requires <j 
electrons to  atta in  the 36 electrons of krypton, and these are obtained 
in  the hexammino-series, e.g., [Co(NH3)6]C13, where the m etal gains 
(2 X 6) -— 3 =  9, and in  the hexacido-series, e.g., Na3[Co(N02)eil S<^
where i t  again gains (3 +  6) =  9. Quadrivalent platinum, of ^
atomic number 78, requires 8 electrons to  equal emanation (86), 
and  therefore gives compounds such as [Pt(NH3) 6]C14 and Na2[PtCl6], .
in both of which the necessary electrons, (12 — 4) and (2 +  6), . ^
respectively, are acquired.
These considerations would explain why, for instance, the  com. 
plex salts of tervalent iron are usually less stable than  those of ^
bivalent iron. Iron, of atomic number 26, requires 10 electrons g
to  a tta in  the 36 electrons of krypton. In  potassium ferrocyanide, ^
K 4[FeCy6], these are acquired (4 +  6), bu t in the ferricyanide, 
K 3[FeCy6], the co-ordinated metal is still one short (3 +  6). This 
deficiency is presumably the cause of the comparative instability 
of the ferri-complex salts. Werner prepared and resolved the 
chemically stable tris-aa'-dipyridylferrous bromide, [Fe"(Dpy)3]Brj ^  
(Ber., 1912, 45, 433) : on the other hand, the trisethylenediamine- ^
ferric salts, [Fe '" en3]Cl3, are extremely unstable, and the ferri- m
oxalates, Na3[Fe(C20 4)3], merely on exposure to  light break down 
to  the corresponding ferro-oxalates (Thomas, J ., 1921, 1 1 9 ,  1140),
There are, however, various metals th a t give a t least two series m
of complex salts, in one of which the co-ordinated m etal has a j-j
deficiency, and in the other an  excess, of electrons compared with 
the. next inert gas. I t  is usually found in such cases th a t the ai
m etal can tolerate a deficiency of electrons more readily than  an |j(
excess, and th a t the series of salts having an excess of electrons ^
is the least stable of all, usually readily reverting to a lower pi
series by the loss of co-ordinated addenda. For instance, nickel, tl
of atomic number 28, requires 8 electrons to atta in  the number in n
krypton. In  the tetrammino-series, e.g., [Ni(NH3)4]Cl2, the metal s]
gains only 6, i.e., (8 — 2), and has thus a deficiency of 2 electrons; ar
.-in the hexammino-series, e.g., [Ni(NH3)6]Cl2, the m etal gains 10, st
i.e., (12 — 2), and has an excess of 2 : salts of the hexammino- ai
series are generally much less stable than those of the tetrammino- m
series, and usually revert easily to the latter in aqueous solution. e;
Again, copper, of atomic number 29, requires similarly 7 electrons, ir
In  the .tetrammino-series, e.g., [Cu(NH3)4]C12, it has a deficiency of of
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1 electron, and in the hexammino-series, e.g., [Cu(KK3)6]Cl2, an 
excess of 3 : the latter series is much less stable than  the former.
I t  has recently been shown, however, by the author (J., 1928, 
893) th a t the stability of salts containing polyamines or other 
“ multidentate ” molecules is also dependent on a second factor, 
viz., the ease with which the polyamine molecule, for purely struc­
tural reasons, can arrange itself around a complex which may be a 
square or tetrahedron, an octahedron, or a cube according as th e  
metal has a co-ordination number of 4, 6, or 8, respectively. This 
factor, dependent on the molecular structure of the co-ordinating 
addendum, may have a greater effect on the stability of the com­
plex salt than the former factor, which is dependent on the electronic 
structure of the metal itself.
This is well illustrated in the complex metallic salts of a(3y-tri- 
aminopropane. There is considerable evidence to  show th a t this 
triamine can arrange itself readily and very firmly around the  
6-co-ordination octahedron (Mann and Pope, Proc. Boy. Soc., 1925, 
A, 107, 80; J ., 1926, 2675), and thus gives extremely stable salts 
such as bistriaminopropanecobaltic chloride,
[{NH2-CH2-CH(NH2)-CH2-NH2}2Co]Cl3, 
and the corresponding bistriaminopropanerhodium trichloride. 
When, however, nickel chloride is treated  with triam inopropane 
in any proportion, the bistriaminopropanenickelous salt, e.g., 
[{NH2-CH2-CH(NH2)-CH2-NH2}2M ]I2, is always formed. Here the  
metal, of co-ordination number 6, has an excess of 2 electrons, and 
the salt should therefore be very unstable : actually it  is extremely 
stable, and shows no sign of degradation to  a salt of co-ordination 
number 4, such, e.g., as monoaquotriaminopropanenickelous iodide, 
[H20{NH2-CH2-CH(NH2)-CH2-NH2}Ni]I2. Again, bivalent platinum  
has the characteristic co-ordination number of 4, e.g., [Pt(NH3)JCl2, 
and in this series the metal has a deficiency of 2 electrons. I t  has 
been shown, however (Mann, J ., 1928, 890), th a t with triam ino­
propane, bivalent platinum gives salts such as bistriaminopropane- 
platinous iodide, [{NH2-CH2-CH(NH2)-CH2-NH2}2P t]I2 : these are 
the only salts known in which bivalent platinum  has a co-ordination 
number of 6, and, since the m etal has an  excess of 2 electrons, they  
should be very unstable. Actually they are remarkably stable, 
and can be recrystallised repeatedly from boiling water. The 
stability of these nickel and platinous salts is therefore to  be 
attributed primarily to the ease with which the triam inopropane 
molecule can co-ordinate around the octahedron : the m etal in 
each case has adopted the exceptional co-ordination number of 6 
in  order to provide the octahedron necessary for maximum stability 
of the completed complex salt.
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The possibility th a t in  salts of this type the m etal has a co-ordin. 
ation number of 4, and not of 6, being bound to only two of the 
three amino-groups in each molecule of the base, has already been 
discussed and disproved (Mann, loc. cit., p. 893). When such salts 
separate from aqueous solution, each of the free and unco-ordinated 
amino-groups would almost undoubtedly add on a molecule of 
water to  give a substituted ammonium hydroxide. Moreover, 
such salts, on treatm ent in solution with an  excess of picric acid, 
should give a tetrapicrate, since in addition to  the complex forming 
a  dipicrate, each free amino-group would also combine with a 
molecule of picric acid. I t  has been shown, however, th a t when, * 
e.g., bistriaminopropaneplatinous iodide is treated with picric acid, 
a dipicrate alone results, showing conclusively th a t all six amino, 
groups are co-ordinated to  the metal.
Further evidence of the stability of this 6-co-ordination grouping 
has now been obtained by investigating the complex salts of tri­
aminopropane with other bivalent metals. Zinc, of atomic number 
30, requires 6 electrons to  atta in  the number in krypton. In  the 
tetrammino-series, e.g., [Zn(NH3)4]Cl2, these are obtained (8 — 2), 
and the salts of this series are of moderate stability. In  the 
hexammino-series, e.g., [Zn(NH3)6]Cl2, the m etal has an excess of 
4 electrons, and the salt is in consequence extremely unstable: 
in fact, it  exists only in the solid state, and even on exposure to 
air loses ammonia, reverting to a salt of the lower series. With 
triaminopropane, however, zinc readily unites to  give salts such as 
bistriaminopropanezine iodide,
[(NH2-CH2-CH(NH2)-CH2-KH2}2Zn]I2 : 
here again the m etal has a co-ordination number of 6 and an excess 
of 4 electrons, yet the salt is extremely stable and, like the above 
nickelous and platinous salts, can be recrystallised repeatedly from 
boiling water w ithout change.
The reactions of bivalent palladium with the triam ine are (as 
m ight be expected) precisely similar to  those of bivalent platinum, 
Palladium, of atomic number 46, requires 8 electrons to  a tta in  the 
s tate  of xenon. The quadrivalent m etal has a co-ordination number 
of 6, and in compounds such as [Pd(NH3)6]Cl4 acquires the requisite 
8 electrons ( 6 x 2 — 4). The bivalent metal has, like platinum, 
the characteristic co-ordination number 4, and in compounds such 
as [Pd(NH3)4]Cl2 has therefore a deficiency of 2 electrons. With 
triaminopropane, however, i t  gives compounds such as bistriamino- 
propanepalladous iodide, [{KH2-CH2-CH(NH2)-CH2*NH2}2P d]I2 : here 
the bivalent m etal has a co-ordination number of 6, and an excess 
of 2 electrons, yet in spite of the la tter factor the salt is very 
stable. These compounds, again, are the only known derivatives
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of bivalent palladium in which the m etal shows a co-ordination 
number of 6.
I t  follows, therefore, th a t bivalent nickel, zinc, platinum, and 
palladium give complex salts with triaminopropane in all of which 
th e  metal shows the unusual (and, for the last two metals, quite 
abnormal) co-ordination number of 6. In  each case, the co-ordin­
ated metal has electrons in excess of the number in the next 
inert gas—a condition normally causing considerable instability. 
Actually, all these salts possess great stability, due presumably 
to the very firm attachm ent of the triam ine molecule around the 
6-co-ordination octahedron, a factor outweighing the former in  its 
effect on the stability of the complex salt.
Bivalent palladium also unites with the triam ine to  give bis(tri- 
■aminopropane-monothiocyanate)palladous dithiocyanate (I), in which 
the metal has its normal co-ordination number of 4 and each mole­
cule of the triamine is co-ordinated by only two of its three amino- 
groups, the third group being free to  form a  salt with further 
hydrogen thiocyanate. This compound is identical in type with 
the platinous salt already described (loc. cit., p. 892), and its stereo­
chemistry has been fully described.
CH2-NH2,HSCN CH2-NH2,HC1
NH2-CH2-CHdm>~ n p i2-c h 2-c h -n h 2
<I.) Pf (SCN)2
n h 2-c h 2-c h -n h 2 _SCN SCN_
CH2-NH2,HSCN (II.)
Cadmium, however, does not behave like the above four bivalent 
metals, inasmuch as it, like bivalent copper, shows a co-ordination 
number of 4 in all its complex salts w ith triaminopropane. For 
instance, it forms a series of salts such as tetrakistriaminopropane- 
triscadmium hexaiodide, [{NH2 • CII2 • CH (NH2) • CH2 •NH2}4Cd3]16,
identical in type with the cupric salts already described (J., 1926, 
2682). These salts are unstable, and on being warmed with water 
readily lose part of the base to  give very stable and slightly soluble 
salts such as monoiodotriaminopropanecadmium monoiodide, 
[I{NH2-CH2-CH(NH2)-CH2-NH2}Cd]I.
The metal also gives salts such as dithiocyanato(triaminopropane- 
monohydrochloride)cadmium (II). This salt, like the correspond­
ing platinous salt (J., 1928, 890), contains an asymmetric (3-carbon 
atom, and should therefore be resolvable into optically active 
forms. Since it tends to lose hydrogen chloride, however, giving the 
very stable monothiocyanatotriaminopropanecadmium monothio-
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cyanate, [SCN{NH2-CH2-CH(NH2)-CH2-NH2}Cd]SCN, its resolution 
was not attem pted.
A further example of the stability of the complex salts of 
certain polyamines is furnished by {3{3 '{3//-triaminotriethylamine, 
N(C2H 4-NH2)3. Mann and Pope showed (J., 1926, 482) th a t this 
tetram ine combines with nickel salts to  give tristriaminotriethyl- 
aminebisnickelous tetraiodide, [{N(C2H 4dSTH2)3}3Ni2]I4. Here, 
again, the nickel has a co-ordination number of 6, and an excess 
of 2 electrons, yet this salt and the corresponding tetrabrom ide are 
extremely stable and m ay be recrystallised repeatedly from boiling 
water without change.
E x p e r i m e n t a l .
In  the following formulae, the symbol “ p tn  ” represents one 
molecule of aPy-triaminopropane.
Bistriaminopropanezinc Iodide, [Zn p tn2]I2.—Triaminopropane tri­
hydrochloride (6-6 g . ; 3 mols.), dissolved in 15% sodium hydroxide 
solution (24 c.c.), is added with stirring to a solution of zinc nitrate 
(3 g.) in  water (40 c.c.). The white precipitate which is first formed 
rapidly redissolves, and the clear solution is concentrated on vthe 
water-bath, chilled, and filtered. The addition of concentrated 
potassium iodide solution gives a crystalline precipitate, which, 
when recrystallised from water, gives the above iodide as fine white 
crysta ls; these have no melting point, but decompose slowly between 
255° and 270° (Found: C, 14-6; H, 4-5; I, 50-6,. 0 6H 22N 6I 2Zn 
requires C, 14-5; H , 4-4; 1,51-0% ).
Bistriaminopropanepalladous Iodide, [P d p tn 2]I2.—A solution of 
ammonium chloropalladite (15 g.) in water (200 c.c.) is slowly 
added to  a solution of triaminopropane trihydrochloride (34-5 g.; 
3 mols.) in 15% sodium hydroxide solution (127 c.c.); the whitish- 
yellow precipitate produced rapidly redissolves. The clear solution 
is concentrated on the water-bath, much ammonia being, given 
off, and is then chilled and treated with saturated potassium iodide 
solution, a fine white powder being steadily deposited : after 24 
hours, this is collected, and recrystallised three times from hot 
water to  eliminate traces of potassium iodide. The above iodide, 
is thus obtained as a fine, white, crystalline powder, m. p. 230° 
(decomp.), freely soluble in cold water (F ound: C, 13-3; H , 4-0; 
I , 46-9; Pd, 20-0. C6H 22N 6I2Pd requires C, 13-3; H , 4-1; I, 
47-1; Pd, 19-8%).
Bis(triaminopropane-monothiocyanate)palladous Dithiocyanate (I). 
—The clear concentrated solution obtained in the preparation of the 
above iodide is treated with a concentrated solution of potassium thio- 
cyanate containing free acetic acid. A voluminous white precipitate
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slowly separates : this is recrystallised three times from hot water, 
the solid product being each time thoroughly drained by suction 
to remove the last trace of potassium thiocyanate solution, which 
is held very tenaciously by the crystalline substance. The dithio- 
cyanate is obtained as a fine white crystalline powder, m. p. 166— 
168° (decomp.), freely soluble in water (Found: C, 22-9; H , 4-7; 
N , 27-3; Pd, 20-5; SON, 44-5. C10H 24N 10S4Pd requires C, 23-1; 
H, 4-7 ; N, 27-0; Pd, 20*6; 4SCN, 44-7%).^
Tetralcistriaminopropanetriscadmium Hexaiodide, [Cd3 p tn4]I6.—A 
solution of hydrated cadmium chloride (4 g.) in water (20 p.c.) is 
slowly added to a solution of triaminopropane trihydrochloride 
(12 g .; 3 mols.) in 15% sodium hydroxide solution (44-4 c.c.). 
The white precipitate formed rapidly redissolves, and the clear 
solution, after 1 hour, is treated with saturated potassium iodide 
solution. The heavy white crystals which slowly separate are 
washed with much cold water and dried in a vacuum over sulphuric 
.acid (Found: C, 9*9; H, 3-3; N, 11*6; I , 52-2. C12H 44N 12I 6Cd3 
requires C, 9-9; H, 3-1; N, 11*6; I, 52-35%). The crystalline 
hexaiodide is only slightly soluble in cold water, in which it  is quite 
s ta b le : boiling water, however, converts it  into the monoiodide 
described below.
The corresponding hexabromide, [Cd3 p tn4]Br6,3H20 , is prepared 
by treating the clear solution, obtained in the preparation of the 
above hexaiodide, with saturated sodium bromide solution. The 
white crystals of the hexabromide separate very slowly in the 
course of several days : they are washed with cold water and dried 
(F ound : N, 13-7; Br, 39-1. C12H 44N 12B r6Cd3,3H20  requires N, 
13-7; Br, 39-1%).
Monoiodotriaminopropanecadmium monoiodide, [I p tn  Cd]I, is 
obtained by adding the above hexaiodide to  much boiling water. 
The clear solution is rapidly filtered, and the monoiodide separates 
in  large white crystals, m. p. 210—213°, only slightly soluble in 
boiling water (Found : C, 7-9; H, 2-5; N, 9-3; I, 55-8. C3H n N3I 2Cd 
requires C, 7-9; H, 2-4; N, 9-2; 1,55-7% ).
Monobromotriaminopropanecadmium monobromide, [Br p tn  Cd]Br, 
is obtained similarly by treating the hexabromide w ith boiling 
water, and separates as white crystals, m. p. 221—223° (decomp.) 
(Found: C, 9-9; H, 3-35; N, 11-6; Br, 44-3. C ^ N g B rg C d  
requires 0, 10-0; H, 3-1; N, 11-6; Br, 44-2%).
M  onothiocyanatotriaminopropanecadmium M  onothiocyanate,
[SON p tn  CdjSCN.—If the clear solution obtained by treating the 
base with cadmium chloride (as in  the preparation of the hexa­
iodide) is treated with potassium thiocyanate solution, no trace 
of a corresponding hexathiocyanate can be detected. The addition
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of the potassium salt gives a white precipitate, which dissolves 
readily in  excess of thiocyanate. The clear solution obtained j 
slowly deposits large white crystals of the above monothiocyanate: ! 
these are almost insoluble in cold water, and only slightly soluble 
in boiling water, from which they crystallise unchanged in com- ; 
position, and of m. p. 201—202° (decomp.) (Found : for the crude i 
m aterial, N, 22*3; for the recrystallised material, N, 22*1; S, 20*1, j 
'CgH-uNgSgCd requires N, 22-1; S, 20*2%). This compound is | 
extremely stable, and in the estimation of sulphur by Carius’s 
m ethod the heating with nitric acid m ust be continued for 12 hours 
a t  260° to  ensure conversion of all the sulphur into sulphuric acid.
D.ithiocyanato{triaminopropane-monOhydrochloride)cadmium (II).— 
The clear solution obtained as before is treated with potassium 
thiocyanate solution containing free acetic acid. Large colourless 
crystals slowly sep a ra te : after 24 hours, these are collected and 
recrystallised twice from hot water. The compound is thus obtained 
as fine white crystals, in. p. 150—154° (decomp.), moderately 
easily soluble in water : if the hot aqueous solution is cooled too 
rapidly, the compound separates as an oil (Found : C, 17-0; H , 3-4; 
N, 19-9; SCN +  Cl, 42-5. C5H 12N 5ClS2Cd requires C, 17-0; H, 
3*4; N, 19-8; 2SCN +  Cl, 42-8%). The compound on exposure 
to  air slowly loses hydrogen chloride, apparently with the formation ; 
of the monothiocyanate described above. j
T h e  U n i v e r s i t y  C h e m i c a l  L a b o r a t o r y , ;
C a m b r i d g e .  [Received, January 28th, 1929.]
P r i n t e d  i n - G r e a t -B r it a in  b y  R ic h a r d  C l a y  & S o n s , L im it e d ,
BUNGAY, SUFFOLK.
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LXVIII.—The Interaction of Ethylene and Sulphur 
Monochloride.
By Frederick; George Mann, William Jackson Pope, and 
(the late) Richard Henry Vernon.
Gibson and Pope (T., 1920, 117, 271; Eng. Pat. 142875 of 1918) 
were the first to  record with sufficient experimental justification 
th a t sulphur monochloride can form additive compounds with 
unsaturated hydrocarbons; they showed th a t ethylene is absorbed 
by sulphur monochloride with formation of [3 p'-dichlorodiethyl 
sulphide and separation of sulphur. By reason of its importance 
in  the preparation of one of the chief materials used in chemical 
warfare, this reaction has been studied by a number of chemists, 
and many questions of detail have thus presented themselves for 
discussion and experiment^ The above-named workers stated 
th a t the reaction was best carried out a t about 60°, because a t 
th a t temperature absorption proceeded rapidly, -whilst a t higher 
temperatures, with sulphur monochloride of ordinary purity, a 
considerable secondary reaction occurred in  which hydrogen chloride 
was produced with a diminution of the yield of pp'-dichlorodiethyl 
sulphide. Later, i t  was contended by A. G. Green th a t the product 
obtained a t lower temperatures, namely, a t about 30°, is PfJ'-dichloro- 
diethyl disulphide, (C H ^l’CHg^SIS, because the atom of sulphur 
liberated in the reaction does not crystallise out from the absorption 
product as i t  does at higher tem peratures; in support of this view 
reference was made to the work of Guthrie (Quart. Journ. Chem. 
Soc., 1861, 13, 134) in which he described a compound having the 
composition last given as contained in  the reaction product of 
ethylene with sulphur monochloride.
A considerable amount of evidence has been adduced to
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show th a t the liberated sulphur just above referred to is not in j 
combination as a disulphide, bu t is merely retained in a state of ! 
“ pseudo-solution” ; the additional evidence on this question j 
brought forward in the present paper seems to prove definitely 
th a t the same product, (3(3'-dichlorodiethyl sulphide,, is formed 
a t  all tem peratures between 30° and 100° by the interaction of j 
ethylene and sulphur monochloride, and to indicate th a t the i 
disulphide is an entirely mythical substance. The m aterial which i 
Guthrie obtained by treating sulphur monochloride with ethylene j 
a t 100°, and to  which he assigned the composition of a dichloro- i 
diethyl disulphide, (C2H 4C1)2S2, and which acts as a feeble vesicant, 
cannot be obtained as a chemical individual. I t  is hence im- ; 
possible to  believe th a t the interaction product of ethylene and 
sulphur monochloride a t 30° is a disulphide identical with Guthrie’s 
disulphide, first, because the former has been now proved to  be 
merely a solution of sulphur in the monosulphide, secondly, because 
the la tte r apparently does not exist.
W hilst Gibson and Pope expressed the absorption of ethylene 
by sulphur monochloride by equation (1) as a direct interaction 
of the two constituents yielding (3 (3' - dichloro diethyl sulphide with 
separation of sulphur, Conant, Hartshorn, and Richardson have sup- j 
posed th a t the reaction occurs between sulphur dichloride, present 
as a dissociation product of the monochloride, and ethylene, giving 
an interm ediate compound of the constitution CHgCl’CHg'SCl, j 
which later interacts with a further quantity of ethylene to  yield 
(3(3'-dichlorodiethyl sulphide. We show in the present paper that 
the la tter compound is formed in the quantities required by equation j.
(1) even during the early stages of the reaction; the mechanism j 
proposed by Conant and his collaborators is thus not in accordance 
with the facts. •
Different workers on this subject have obtained very different j 
yields of (3 (3'-dichlorodiethyl sulphide by the interaction of ethylene 
and sulphur monochloride; Gibson and Pope obtained yields up 
to  98 per cent, of theory, whilst the American workers obtained 
only about 80 per cent. The explanation of the discrepancy is ; 
given in  the present paper; when pure ethylene is absorbed by j 
highly purified sulphur monochloride a t 60°, the yield is in  the 
neighbourhood of 80 per cent, of theory, bu t when the ethylene 
carries a small amount of alcohol vapour the yield rises to  99 per j 
cent, of theory. Insufficient scrubbing of the ethylene prepared ; 
from alcohol was thus responsible for the high yields.
Since Gibson and Pope always obtained a high yield, they did 
not observe the formation of a by-product of high boiling point, 
which is produced when the low yields are obtained by the use of j
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pure materials. Conant and his co-workers observed the occur­
rence of considerable amounts of this substance, which they con­
sidered to  be probably (3 [3' - dichloro diethyl pentasulphide, but were 
unable to isolate; we have separated the by-product in  a state  of 
purity and find i t  to  be a crystalline (3p'-dichlorodiethyl trisulphide, 
which is oxidised by cold nitric acid to  (3-chloroethanesulphonic 
acid,
E x pe r im e n t a l .
Sulphur Monochloride.
The statem ent is current th a t sulphur monochloride is a well- 
defined, stable substance (Fawsitt, J . Soc. Chem. Ind., 1886, 5, 
638), and the compound is generally purified, even when required 
for determination of physical constants (Kopp, Annalen, 1858, 95, 
335), by distillation under ordinary pressures. Thorpe remarked, 
however (T., 1880, 37, 356), on distilling sulphur monochloride 
with addition of sulphur, th a t  the first runnings are red; since 
pure sulphur monochloride is pure yellow in colour, whilst the 
dichloride is dark red, the partial dissociation of the monochloride 
into dichlpride and sulphur which occurs on heating is readily 
detected.
Pure sulphur mon’ochloride is conveniently prepared by the 
following method. The technical material is distilled under 
ordinary atmospheric pressure with addition of sulphur and about -
I per cent, by weight of highly absorbent charcoal, the la tter 
having been shown (Pope and Heycock, Eng. Pat. 142879 of 1918) 
to act as a catalyst in  a system consisting of sulphur, chlorine, and 
the sulphur chlorides. The fraction which distils above 137° , is 
redistilled with addition of sulphur and absorbent charcoal under
II mm. pressure, when pure sulphur monochloride distils a t  40° 
and condenses as a golden-yellow liquid; the first runnings are 
usually rejected, although this is probably unnecessary. Analysis 
shows the product to  have the composition S2C12, and its colour, 
free from any tinge of red, is taken to  indicate its  freedom from 
higher chlorides of sulphur.
On heating sulphur monochloride a t 60° its  colour darkens con­
siderably, and the red t in t  acquired deepens as the tem perature 
is raised to the boiling p o in t; on cooling, the colour becomes rather 
lighter, but the pure yellow colour of the original preparation is not 
regained even after m any weeks’ standing. When this feebly 
red-tinted material is treated  with absorbent charcoal the colour 
immediately reverts to  the original pure yellow. Sulphur mono­
chloride thus undergoes slight dissociation into sulphur dichloride 
and sulphur when heated, and, in the absence of a  catalyst such as
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charcoal, the re-establishment of equilibrium proceeds very slowly 
after cooling. Whilst it  is thus shown experimentally th a t a systeu 
consisting of the components S2C12, SC12, and S can retain its red 
colour for a long time in the absence of a catalyst, i t  may b; 
.expected th a t one of S2C12, S, and C l2 could preserve a pure yelk 
colour for some length of time under similar conditions;, in fact, 
Aten has shown (Zeitsch. physiJcal. Chem., 1906, 54, 72) th a t sole, 
tions of chlorine in sulphur monochloride remain pure yellow foi 
some little  time. Since the establishment of equilibrium can It 
aided catalytically, i t  follows th a t the greater the purity  of the 
components of the system the more sluggishly will the spontaneous 
establishment of equilibrium proceed,
The work described in the present paper has been carried out 
upon sulphur monochloride of which the purity  has been assured 
by the method of preparation just described.
Mechanism o f Reaction between Ethylene and Sulphur Monochlorvk
In  place of the simple equation,
• (1) 2CH2:CH2 +  S2C12 =  (CH2C1*CH2)2S +  S, .
by which Gibson and Pope (loc. cit.) represented the reaction be- 
'tween ethylene and sulphur monochloride, Conant, Hartshorn, and 
Richardson (J. Amer. Chem. Soc., 1920, 42, 585) substitute the 
following three:
(2) S2C12 S +  SC12
(3) C2H 4 +  SC12 =  CH2C1-CH2-SC1
(4) C2H4 +  CH2C1-CH2\SC1 =  (CH20l-CH2)2S ;
th ey  find evidence favouring their view in determinations of the 
depression of the freezing point of (3 (3'-dichlorodiethyl sulphide 
by  partly  ethylenated sulphur monochloride, and conclude that 
reaction (3) is dominant until one molecule of ethylene has been
absorbed for each one of sulphur monochloride originally present.
We have made many attem pts to isolate the hypothetical intef 
mediary compound, CH2C1*CH2‘SC1, from the partly  ethylenated 
sulphur monochloride, but hitherto without success. The following 
quantitative results bear upon this question.;
, Sulphur monochloride (29-8 grams) was caused to  absorb an 
approximately equimolecular proportion of ethylene (6-5 grams) 
a t  60°; the product was then separated into three fractions by dis­
tillation under 11 mm. pressure. The first fraction (15-5 grams), 
collected a t 30—80°, is almost pure sulphur monochloride; the 
second fraction (15 grams), collected a t 96—110°, is fairly pure
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pp'-dichlorodiethyl sulphide melting a t 7°; the third fraction (2-3 
grams) is a mixture of pp'-dichlorodiethyl sulphide and trisulphide 
and distils a t 110—190°, whilst a residue (3-8 grams) of almost pure 
sulphur was obtained. Had reaction occurred in accordance with 
equation (1), 14-1 grams of sulphur monochloride, 18*4 grams of 
Pk-dichlorodiethyl sulphide, and 3-71 grams of sulphur should have 
been obtained. ,
Again, ethylene (6-2 grams) was absorbed in an approximately 
equivalent weight of sulphur monochloride (30-3 grams) a t 60°, 
yielding a product (36-2 grams) with the loss of a small quantity 
(0-3 gram) of sulphur monochloride by evaporation; a portion of 
the product (35-2 grams) was then cooled in a mixture of ether and 
solid carbon dioxide. On filtering through a cooled filter in a suit­
able apparatus, sulphur monochloride (14*3 grams) passed through 
and a residue (20-9 grams) of solid pp'-dichlorodiethyl sulphide and 
sulphur remained; the residue melted a t 3°, so th a t the (3(3'-dichloro- 
diethyl sulphide was not highly impure. . The original partly  
ethylenated sulphur monochloride (36-2 grams) thus yields sulphur 
monochloride (14*7 grams) and a m ixture (21-5 grams) of pp'-di- 
chlorodiethyl sulphide and sulphur; according to  equation (1) it  
should have yielded 15-0 grams of the former and 21-3 grams of the 
latter. A blank experiment showed th a t sulphur monochloride 
does not become viscid when cooled in a m ixture of ether and solid 
carbon dioxide.
Notwithstanding the close correspondence between the above 
results and those indicated by equation (1) given by Gibson and 
Pope, and their entire incompatibility with equation (3) of Conant 
and his collaborators, it  may be objected th a t the reaction between 
ethylene and sulphur monochloride in equimolecular proportion is 
so interfered with by reaction in accordance with equation (4) th a t 
the evidence is not conclusive. The American wrorkers state, how­
ever, “ that even after 23-8 per cent, of the ethylene had been 
absorbed, there was no dichloro diethyl sulphide present in t h e . 
reaction mixture ” ; the following results bear upon this question.
Ethylene (3-17 grams), in quantity  about one-half th a t indicated 
in equation (3), was absorbed in  sulphur monochloride (30*35 grams) 
a t 60°, the product (33*3 grams) indicating a small loss (0*22 gram) 
of sulphur monochloride by evaporation. A portion (32*6 grams) 
of the product was chilled in a m ixture of solid carbon dioxide and 
ether and filtered on a similarly chilled filter ; the sulphur mono- 
chloride (21*2 grams) was collected and the m ixture of pp'-dichloro- 
diethyl sulphide and sulphur (11*4 grams, m. p. +  2*0°) retained 
oh the filter. Hence the to tal weight of original product (33*3 
grams) would yield sulphur chloride (21*7 grams) and the mixed
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sulphur and organic sulphide (11-6 grams). Equation (1) indicates one-]
th a t 22*47 grams of sulphur chloride and 10*84 grams of the mixture 
of sulphur and sulphide should have been obtained, whilst, accord. r^ac^
ing to  the statem ents of Conant, Hartshorn, and Richardson none un^'
of the latter product should have resulted. solic
The quantitative data given above have been supplemented by Porc
much more of a similar kind, and also by oxidation experiments in diet
which the [3 [3 dichloro diethyl sulphide formed a t various stages in thai
the ethylenation of sulphur monochloride was determined by con- ^  =
version into the solid sulphoxide. I t  seems superfluous to quote ^  =
more to  prove the fallacy of the mechanism suggested by the ^
American workers for the ethylene-sulphur monochloride reaction,
Whether or not the f3(3'-dichlorodiethyl sulphide is formed by the dca
action of ethylene on the sulphur monochloride itself or on the
dichloride to which the latter gives rise is not yet settled. 1^01
a 1 
int(
[3ft'-Dichlorodiethyl Trisulphide, CHgChCT^'S'S'S'CH^CHgCl.
Gibson and Pope (loc. cit.) obtained yields of (3(3'-dichlorodiethyl dir
sulphide by the action of ethylene on sulphur monochloride repre- ;
senting 90 to 98 per cent, of that indicated by equation (1) above; 
they remarked that the sulphur remaining after distillation “ re- ao1
tained a mere trace of resinous matter.” Conant, Hartshorn, and me
Richardson (loc. cit.) obtained only an 80 per cent, yield of W1
f3f3'-dichlorodiethyl sulphide and, after distillation, noted that the ^1(
residue “ is a thick, black tar which often contains some elementary ^y
sulphur ” ; their examination of this residue led them to conclude 
that it consists largely of (3(3'-dichlorodiethyl pentasulphide, although 
they did not isolate this compound. They also obtained a liquid 00
which approximated in composition to the trisulphide. P1
Gibson and Pope never obtained yields of (3(3'-dichlorodiethyl 
sulphide so low as those recorded by these workers, although the 
yield is considerably influenced by the degree of purity of the 
reacting materials; further, we have never obtained, a residual black 
tar which resisted separation into definite components. It is 
likely that divergencies in yields and products may be traced to 
differences in the degree of purity of the ethylene and sulphur 
monochloride used.
It is shown in the present paper, that when the product obtained 
by saturating sulphur monochloride with ethylene under various 
conditions is distilled under 11 mm. pressure, a large proportion 
of pp'-dichlorodiethyl sulphide first passes over and is followed 
by a less volatile fraction in varying proportion. When the col­
lected higher fractions are redistilled under 5 mm. pressure, about
ac
cc
a:
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one-half is a t once separated as pure ^'-dichlorodiethyl sulphide, 
whilst the remainder may be freed from this substance by repeated' 
fractionation under low pressure and is ultimately obtained as a 
uniform material which boils a t i46-5°/5 mm. This substance 
solidifies in the condenser and is further purified by spreading on 
porous plate; this white, crystalline compound is (3(3'-dichloro- 
diethyl trisulphide, which has a faint, persistent odour resembling 
that of the aliphatic polysulphides and melts sharply a t 27° (Found :: 
0  =  21-2; H  =  3-6; 01 =  32-03; S =  43-59. C4H 8C12S3 requires 
0  =  21-5; H =  3-6^ 01 =  31-78; S =  43-09 per cent.).
When pp'-dichlorodiethyl trisulphide is melted on a microscope 
slide and allowed to  cool it  crystallises very sluggishly, bu t solidi­
fication is hastened by pressing a little  solid carbon dioxide on to 
the cover-slip; long, spear-shaped crystals of weak double refrac­
tion, with the plane side often perpendicular to one optic axis of 
a biaxial material, first appear and gradually become converted 
into a second modification consisting of minute crystal fragm ents; 
the change becomes complete in twelve hours and the form of the 
dimorphous substance first produced has the lower melting point.
The trisulphide is soluble in the ordinary organic solvents and is 
oxidised instantly by ice-cold nitric acid to P-chloroethanesulphonic 
acid and sulphuric acid. The former was usually identified by 
means of its potassium salt; the trisulphide was treated cautiously 
with nitric acid while maintained a t 0°, and after the oxidation, 
the acid liquid was diluted, carefully neutralised with potassium 
hydroxide, and evaporated to  dryness. The mixed • salts so 
obtained were dried over phosphoric oxide and then refluxed with 
absolute alcohol; the solution was filtered hot and allowed to 
cool, when potassium (3-chloroethanesulphonate was deposited in 
pure white scales (Found : K  =  21-42; C =  13-08; H  =  2-3. 
C2H4C1-SOoK  requires K  =  21-41; C =  13-14; H  =  2-2 per cent.). 
Since pp'-dichlorodietliyl sulphide is only oxidised to  the sulphonic 
acid by prolonged boiling with dilute nitric acid, it  seems th a t the 
constitution assigned above to the trisulphide is to be preferred to 
any of the alternatives.
Pseudo-solutions o f Sulphur in $$'-Dichlorodiethyl Sulphide.
When (3(3'-dichlorodiethyl sulphide is produced by the absorption 
of ethylene by sulphur monochloride the liberated sulphur is, under 
certain conditions, retained partly  or wholly in solution; this 
sulphur, for the most part, crystallises out after heating the liquid 
at 100° and allowing to cool. Much evidence has been adduced- 
to prove that the sulphur so retained in the liquid is in a state of.
641  MANN, POPE, AND VERNON : THE INTERACTION OE
“ pseudo-solution” and is in no way combined• with the -pp'-di- 
chlorodiethyl sulphide. Since, however, it  is contended by 
A, G. Green (J. Soc. Chem. Ind., 1919, 38, 469r ) th a t the liquid | 
oonsists of pp'-dichlorodiethyl disulphide, (CH2C1'0H2)2S1S, a further j 
proof of the non-occurrence of the disulphide may be pu t forward.
. Sulphur monochloride, activated by the addition of 1 per cent, j 
of finely divided iron, was saturated with ethylene a t 30°, the j 
sulphur being retained in the liquid state a t this temperature; j 
the product m elted a t 7-0° and a portion (6-10 grams) was intro- ; 
duced into a small distilling flask connected, by a tube, with a j 
bulb acting as a receiver. The system was then evacuated by j. 
a id  of a Toepler pump and hermetically sealed. The receiver j 
bulb was immersed in liquid air and slow distillation a t the room j  
tem perature allowed to  proceed for nineteen days, the receiver 
being kept continuously cool in boiling liquid air; a t the expir­
ation of this time the apparatus was opened and the distillate found 
to  consist of pp'-dichlorodiethyl sulphide (3-85 grams) melting at 
12-4°. The original reaction product had thus yielded by distil­
lation a t the ordinary tem perature 75-8 per cent, on theory of 
PP'-dichlorodiethyl sulphide, and i t  is shown elsewhere in  this 
paper (p. 645) th a t the m aterial obtained a t 30° yields only about I 
70 per cent, of the sulphide; i t  follows th a t the disulphide is not ! 
present and th a t the original statem ent th a t the sulphur is retained j 
in a s tate  of “ pseudo-solution ” in pp'-dichlorodiethyl sulphide j 
is correct. • [
The melting point of pp'-dichlorodiethyl sulphide is depressed 
by small quantities of substances which are apparently often 
present as impurities and are retained with tenac ity ; the highest 
value wTe have observed, which is higher than  any previously 
recorded, is 14*2° as the tem perature a t which the crystalline 
compound melts completely.
The Absorption o f Ethylene by Sulphur Monochloride.
In  order to  obtain information bearing upon the causes of the 
differences in  yield of pp'-dichlorodiethyl sulphide and in  the ! 
character of the product noted by various workers, i t  seemed ! 
desirable to  bring about the absorption of ethylene by sulphur j 
monochloride of undoubted purity under precisely similar con­
ditions of stirring; the effect of changes of tem perature and of \ 
the addition of various foreign agents could then be observed. 
The sulphur monochloride, about 30 grams in each experiment, 
was contained in a set of absorption bulbs which were kept agitated 
by an, electric motor running a t a constant speed and were main-.
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tained a t a constant tem perature in a water-bath. The ethylene 
used, prepared by the action of alcohol vapour on hot pumice 
saturated with syrupy phosphoric acid, was of 98 to  99 per cent, 
purity ; it  was freed from alcohol by long preservation over water 
in a gasometer, and was dried before use by passing through tubes 
filled with pumice soaked in  sulphuric acid. Efficient m ethods 
were adopted for measuring the volume of ethylene passing into 
the sulphur monochloride and the  volume escaping unabsorbed, 
so th a t the am ount taken  up by the sulphur chloride could be 
ascertained with considerable accuracy. In  every case the ethylene 
was passed in a t such a ra te th a t the speed of exit of unabsorbed 
gas was kept practically constant.
After saturating the known weight of sulphur monochloride 
with ethylene, the absorption bulbs were weighed so th a t, since 
the absorbed ethylene had been measured under standard con­
ditions, the slight loss of sulphur monochloride by volatilisation 
with the escaping ethylene could be determined. The melting 
point of the reaction product was determined and the major portion 
weighed into a distilling flask and distilled under 12 mm. pressure 
in a very slow current of dry a ir; the fraction which distilled a t  
100—110° under this pressure was reckoned as pure pp'-dichloro­
diethyl sulphide, as indicated by its  melting point. After this had 
passed over, the tem perature was raised and a fraction collected 
at 110—180°/12 mm., which was noted as the interm ediate fraction; 
this contained, as above shown, pp'-dichlorodiethyl trisulphide 
together with a  considerable proportion of the monosulphide. The 
residue in  the distilling flask was almost pure sulphur and was 
weighed in each case.
The yield of pp'-dichlorodiethyl sulphide was calculated as th e  
percentage on th a t which should have been obtained from th e  
weight of ethylene actually absorbed. Since a small am ount of 
the monosulphide distils with the interm ediate fraction, the stated  
yields are a little  too low; they are, however, strictly comparable 
amongst themselves. The appended table summarises the more 
important of the results obtained and states the different catalytic, 
agents used.
Several remarkable conclusions now become obvious. In  all th e  
experiments made a t 60° or 61° w ith pure sulphur monochloride 
and ethylene, with the addition of all foreign agents excepting 
alcohol, the product is a pale yellow liquid which only deposits 
sulphur after a very considerable t im e ; i t  appears th a t with an  
efficient tem perature control the pp'-dichlorodiethyl sulphide retains, 
the extra sulphur in a state  of “ pseudo-solution ” a t tem peratures 
up to 60°. Further, the interaction of pure sulphur monochloride
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ETHYLENE AND SULPHUR MONOCHLORIDE. 6 4 4
and ethylene a t 60° gives a poor yield of pp'-dichlorodiethyl sulphide, 
namely, 78 to  7 9  per cent, of th a t required by equation (1 ); this 
is in agreement with the results obtained by Conant, Hartshorn, 
and Eichardson (loc. cit., p. 592), who obtained a yield of only 80 per 
cent, on theory. This low yield of pp'-dichlorodiethyl sulphide is 
accompanied by a high yield of the interm ediate fraction from which 
we have separated the trisulphide.
The discrepancy between these results and those of Gibson and  
Pope (loc. cit.), who obtained almost theoretical yields of pp'-dichloro­
diethyl sulphide, is striking, and we therefore studied the effect of 
such impurities as might be present in sulphur monochloride upon 
the yield. A small proportion of thionyl chloride (Ho. 8 ) added to  
the sulphur monochloride hastens the absorption bu t leaves the 
yield unaltered a t 79-1 per cent.; a trace of sulphuryl chloride 
slightly retards absorption and somewhat reduces the yield (No. 9). 
The preliminary addition of 5 per cent, of pp'-dichlorodiethyl 
sulphide facilitates absorption, as noted by Gibson and Pope, with 
practically no effect upon the yield (No. 6 ); The addition of 
pp'-dichlorodiethyl sulphide and a trace of iron hastens absorption 
considerably, and a yield of 83-3 per cent. (No. 7) is obtained. 
The use of sulphur monochloride containing a small amount of 
sulphur dichloride, corresponding with an excess chlorine content of 
0-3 per cent., w ith addition of pp'-dichlorodiethyl sulphide, is with­
out appreciable influence on the yield (No. 11).
Attention was next directed to  the effect of possible impurities- 
in the ethylene used, and of these alcohol vapour is of most likely 
occurrence. The introduction of a small amount (0-488 gram) of 
alcohol into the passage-way of the pure ethylene increased the 
yield to 84-3 per cent. (No. 3), and when a larger quantity  of alcohol 
(0-949 gram) was provided in  a similar manner the yield rose to 
90-5 per cent. (No. 4). In  these experiments i t  was noticed th a t the 
whole of the alcohol used was carried forward into the sulphur 
monochloride during the early stages of the absorption and a con­
tinuous supply of alcohol to the ethylene was therefore arranged 
(No. 5); as before, the alcohol acted as a positive catalyst in increase 
ing the speed of absorption, but the use of ethylene always carrying 
alcohol vapour raised the yield of pp'-dichlorodiethyl sulphide to  
98-8 per cent, of the theoretical value. In  this experiment, and in 
its repetitions, the interm ediate fraction containing the trisulphide 
becomes a very small one, and a large proportion of the sulphur 
retained in solution crystallises out on cooling. r >■ '
I t  is thus shown th a t in order to obtain the approximately 
theoretical yields of pp'-dichlorodiethyl sulphide and the deposition 
of the sulphur liberated in reaction (1), as was done by Gibson and
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Pope, the retention of a small proportion of alcohol vapour by the 
ethylene is essential.
The presence of a trace of water vapour in the ethylene slightly 
■ hastens the absorption but is without effect upon the yield; this is 
shown by an experiment (No. 10) in which the ten litres or so of 
ethylene used were moistened by a continuous supply of water 
(0-18 gram).
The pp'-dichlorodiethyl sulphide preparations referred io  above 
were made a t about 60°, the tem perature which Gibson and Pope 
found to  give the most satisfactory results. On attem pting to  effect 
the reaction a t  30° absorption occurred so slowly th a t the introduc­
tion of a catalyst, in  the form of 0-005 gram of iron, was found 
desirable; the reaction then required eighteen hours for completion 
(No. 12), and the yield of pp'-dichlorodiethyl sulphide was only 
6 8 - 2  per cent.; a t the same time, the intermediate fraction, con-, 
tabling the trisulphide, was twice as large as those obtained a t 60°. 
This result has been repeated several times and shows th a t much 
better yields of pp'-dichlorodiethyl sulphide are obtained a t 60° 
than  a t  30°.
A. G. Green observed (loc. cit.) that, in the absence of iron, 
PP'-dichlorodiethyl sulphide is formed in good yield by the action of 
ethylene on sulphur monochloride a t 1 0 0 °; this result is now con­
firmed (No. 13) and a yield of 90-4 per cent, was obtained, the absorp­
tion proceeding with great rapidity and sulphur being deposited on 
cooling. This result is only obtained with very carefully purified 
sulphur monochloride such as th a t used in the work now described; 
the material obtained by distillation of the technical product, such 
as was used by Gibson and Pope, absorbs ethylene with evolution 
of hydrogen chloride a t temperatures above 70° and little  or no 
PP'-dichlorodiethyl sulphide results.
The more im portant conclusions to  be drawn from the above 
series of experiments may now be indicated. Highly purified 
ethylene and sulphur monochloride interact with increasing rapidity 
as the tem perature rises, the speed of interaction being about 1  at 
30°, 2-5 a t 60°, and 7 a t 100°; the yield of pp'-dichlorodiethyl 
sulphide is about 70 per cent, a t 30°, 80 per cent, a t 60°, and 90 per 
cent, a t  1 0 0 °, whilst the yield of by-product, the trisulphide, is 
largest a t the lower tem perature and decreases a t the higher tem per­
atures. The addition of preformed pp'-dichlorodiethyl sulphide or. 
of iron notably increases the speed of reaction, thionyl chloride or 
water vapour slightly increases the speed of absorption, and sulphuryl 
chloride causes slow absorption. W ith all these catalytic agents the 
sulphur remains more or less indefinitely in “ pseudo-solution ” and 
the yield remains about 80 per cent, a t 60°.
ETHYLENE AND SULPHUR MONOOHLORIDE. 6 4 6
When a small amount of alcohol vapour is continuously in tro­
duced with the ethylene the speed of absorption increases to about 
3 . 5  at  60° and the yield of pp'-dichlorodiethyl sulphide rises to  
nearly 9 9  per cent., whilst the production of the trisulphide falls to 
.a very small am ount; a t the same time, part of the sulphur crystal­
lises on cooling.
With regard to  the speed of the absorption, when ethylene is 
passed into sulphur monochloride a t 60°, the absorption is a t first 
very slow, and does not increase appreciably until about half-way 
through the period of to ta l absorption, w hen .it assumes a very 
high and almost constant speed, which falls off quickly towards the 
•end. I t  should be emphasised th a t the effect of all the catalysts, 
both positive and negative, studied in  this investigation has been 
to increase or decrease the initial period of comparatively slow 
.absorption; when this in itial period, whether short or long, is over, 
the absorption continues a t a high speed, which is practically the 
same whatever the catalytic agent present may be.
Guthrie’s Dichloroethyl Disulphide.
On filling a large bottle with ethylene, introducing sulphur 
monochloride, and heating on a boiling-water bath, Guthrie (loc. cit.) 
obtained a product from which, after shaking with water and several 
times extracting with ether, he separated an oil to which he assigned 
the composition of a dichlorodiethyl disulphide. Although we have 
shown th a t the product of interaction of ethylene and sulphur 
monochloride a t  1 0 0 ° consists of (3^-dichlorodiethyl 'sulphide, it  
seemed desirable to  repeat Guthrie’s treatm ent of the material. 
After sulphur monochloride had been saturated with ethylene a t 
1 0 0 ° and allowed to  cool, a considerable amount of crystalline sulphur 
separated; the supernatant o il was shaken with warm water, which 
caused the separation of more sulphur, and was then run off and 
dried with sodium sulphate. On extraction with ether, viscous 
.sulphur separated as an emulsion and was removed by repeated 
filtration; the ether solution was then evaporated in  a vacuum 
desiccator, when solid pp'-dichlorodiethyl sulphide crystallised. 
Addition of ether to  the residue led to  the further separation of 
viscous sulphur and, after filtration, evaporation again led to the 
crystallisation of the organic sulphide; this melted a t 9-7°. No 
product of the nature of Guthrie’s disulphide was obtained.
T h e  C h e m i c a l  L a b o r a t o r y ,
U n i v e r s i t y  o e  C a m b r i d g e . {Received, March 3rd, 1921.]
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LXIX .—Production and Reactions of j3ft''-Dichlorodiethyl 
Sulphide.
By F r e d e r i c k  George Mann and William Jagkson Pope.
The most convenient method of preparing |3(3'-diehlorodiethyl 
sulphide, (CH2ChCH2)2S, furnishes a quantitative yield and consists 
in treating sulphur monochloride with ethylene (Gibson and Pope, 
T., 1920, 117, 271). Under certain conditions (Mann, Pope, and 
Vernon, T., 1921, 119, 634), the yield is not quantitative and the 
technical product is certainly far from pure. Gibson and Pope also 
showed that the sulphide can be obtained readily by the action of 
ethylene on sulphur dichloride, bu t th a t in this case the yield is 
only about 30 per cent, of th a t indicated by theory; the French 
have founded a technical process of manufacture on this reaction, 
using carbon tetrachloride as a diluent for the sulphur dichloride.
Many questions connected with the above two reactions are still 
under discussion, partly  because too little experimental data are 
available for their decision and partly  also because the various 
workers have not defined specifically the nature of the materials 
which they have used. We have already pointed out the difficulty 
of obtaining pure sulphur monochloride and i t  has been shown 
(Pope and Heycock, Eng. Pat. 142879, 1918) th a t sulphur di­
chloride only exists as a definite chemical individual under specific 
conditions. I t  seemed therefore desirable to  study experimentally 
the action of the pure sulphur chlorides on pp'-dichlorodiethyl 
sulphide and the related reactions between the latter substance and 
chlorine for the purpose of ascertaining the nature of the by-products 
which may accompany this organic compound.
I t  is now shown th a t on treatm ent with chlorine (3(3'-dichloro- 
diethyl sulphide yields the corresponding tri-, tetra-, and hexa- 
chlorodiethyl sulphides, in each of which the further chlorine atoms 
introduced enter one only of the two ethylene residues of th e  
molecule. This observation has some connexion with Regnault’s 
work (Ann. Ghim. PJiys., 1839, [ii], 71, 392), which showed th a t 
diethyl ether yields a perchloro-derivative, (C2C15)20 , on chlorination 
in sunlight; we have attem pted to prepare perchlorodiethyl sulphide 
by the action of chlorine on (3 (3' -dichlorodiethyl sulphide in sunlight, 
but have merely obtained sulphur dichloride and perchloroethane 
in accordance with the reaction described below. I t  is interesting 
to notice th a t Riche (Ann. Ghim. Phys., 1855, [Hi], 43, 283) obtained 
a tetrachloro-, a hexachloro-, and an oetael lloro - diethyl sulphide by 
the chlorination of diethyl sulphide, and th a t by exhaustive ehlorin-
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ation in sunlight he obtained perchloroethane and a substance j 
which he thought to be a perchlorodiethyl sulphide. Guthrie j 
(Quart. J. Chem. Soc., 1861, 13, 35) described a tetrachlorodiethyl j 
sulphide obtained by the action of ethylene on boiling sulphur 
monochloride, and converted it into a hexachlorodiethyl sulphide 
by direct chlorination; he presumed the latter to be identical with a 
hexachlorodiethyl sulphide which he obtained by the chlorination 
of diethyl sulphide. The boiling points and densities of the corre­
sponding products now described differ so widely from those of the 
substances obtained by Riche and Guthrie as to make it improbable 
that we have been dealing with the same compounds. By the 
action of sulphur monochloride on (3 (3 '-dichlorodiethyl sulphide we j 
have obtained tri- and tetra-chlorodiethyl sulphide. The same j 
products are formed on treating (3(3'-dichlorodiethyl sulphide with 
sulphur dichloride, and in this case evidence has been also obtained 
of the formation of (3-chloroethylsulphur chloride, CH2ChCH2*SCl.
When ethylene is passed through sulphur dichloride, the ruby- 
red colour of the latter gives place to an amber-yellow long before 
two molecular proportions of the hydrocarbon have been absorbed 
by one of the sulphur chlorides. If the reaction is arrested when the 
xuby-red colour disappears, a product is obtained from which no | 
.[3 [3' -dichlorodiethyl sulphide can be separated; it yields the tri- j 
and tetra-chlorodiethyl sulphides and the [3-chloroethylsulphur ; 
chloride together with the sulphur monochloride. I t  thus appears ! 
that the (3[3'-dichlorodiethyl sulphide which Gibson and Pope 
obtained in about a 30 per cent, yield by the action of ethylene on 
sulphur dichloride is produced from the sulphur monochloride 
formed during the preliminary decoloration of the sulphur dichloride.
In  practically all the chlorinations described in the present 
paper mixtures of several halogenated products are formed which, 
cannot be resolved by ordinary fractional distillation under 
diminished pressure; by fractional distillation under 15 mm. pres­
sure through the column which Dufton has recently described (J. Soc. 
Chem. Ind., 1919, 38, 45t) the product was in each case separated 
into its components without great difficulty. The new column is 
fa r  more efficient than any which we had previously used, and we 
desire to direct attention to the fact th a t Dufton has devised a novel 
piece of apparatus which is of great service to the organic chemist.
Action of Chlorine on [3[3'-Dichlorodiethyl Sulphide.
Chlorine is slowly but steadily absorbed when passed through 
;|3 (3' - dichlor o diethyl sulphide; after a short time hydrogen chloride 
is  evolved and the temperature rises to about 50°. Preliminary 
experiments in which one, two, three, and four molecules of chlorine
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•were caused to act on each, molecule of the dichlorodiethyl sulphide 
showed th a t a single product, the tri-, tetra-, penta-, or hexa- 
■chlorodiethylsulphide, could not be obtained, bu t th a t a m ixture of 
several of these substances was always produced. The product boiled 
with partial decomposition under atmospheric pressure, and when 
distilled under reduced pressure from a Claisen flask yielded no 
.constant boiling component. On distillation under 15 mm. pressure 
through a Dufton column 65 cm. in length and of large annular 
width a t the ra te  of one drop in each three seconds, the mixtures 
were resolved; after several similar fractional distillations the 
following three compounds were obtained in a state of purity:
(a) app '-Trichloro diethyl sulphide, CHgChCHCl'S’CH^CB^Cl, 
boiling a t 106*5—108°/15 mm., and of density, — 1*4219 
.(Found : C =  25’0 ; H  =  2*6; Cl =  54*84. C4H 7C13S requires 
0  =  24*8; PI =  3*6; Cl =  55*0 per cent.).
(b) appp'-Tetrachlorodiethyl sulphide, CHC12*CHC1*S*CH2*CII2C1, 
boiling a t 123—125°/15 mm., and of density, =  1*5441 (Found : 
0  =  21*2; H  =  1*8; Cl =  62*1. C4H 6C14S requires C =  21*1; 
H =  2*6; Cl =  62*2 per cent.).
(c) aapppp'-Hexachlorodiethyl sulphide, 'CCl3*CCl2'S*CH2*CH2Cl, 
boiling a t 160—161°/15 mm., and of density, =  1*6944 (Found :
0 = 1 6 * 3 ; H  =.1*3; 01=71*5. C4H4C16S requires 0  =  16*2;
H =  1*4; Cl =  71*7 per cent.).
A small quantity  of an oil boiling a t about 70°/13 mm. and possess­
ing a vile and persistent odour was also separated in the distillation 
of the above crude products; we were unable to  collect sufficient of 
this for identification. These three chlorinated diethyl sulphides 
are colourless liquids which, like pp'-dichlorodiethyl sulphide, slowly 
acquire a light- green tin t when exposed to  sunlight; they possess a 
faint odour similar to the parent dichloro-compound, bu t are devoid 
-of vesicant properties and have much lower melting points. As the 
number of chlorine atoms in the molecule increases, the sulphur 
atom shows increasing reluctance to become quadrivalent. Thus 
bromine forms no addition compound with the trichlorodiethyl 
sulphide corresponding with the well-defined dibromide of pp'- 
dichlorodiethyl sulphide (Gibson and Pope, T., 1920, 117, 277), 
but on warming the mixture vigorous reaction occurs with evolution 
of hydrogen bromide. The trichloro-derivative is not acted on by 
nitric acid a t 0°, whilst the tetrachloro-compound is precipitated 
unchanged on addition of water to its solution in nitric acid a t 
30—35°. In  each case, warming with nitric acid causes vigorous 
oxidation and the production of a degradation product having the 
odour of chloropicrin. Many attem pts were made to obtain a 
pentachlorodiethyl sulphide by acting on the di-, tri-, and tetra-
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chloro-compounds with the requisite amount of chlorine, bu t in each j 
case mixtures were obtained which contained no pentachlorodiethyl ■ 
sulphide.
When treated with nitric acid, p p' - dichloro dietb y 1 sulphide yields 
the corresponding sulphoxide, and this, as Bennett has shown 
(T., 1921, 119, 418), is converted into p-chloroethanesulphonic acid 
when heated in a sealed tube with fuming nitric acid. The trichloro-, 
the tetrachloro-, and the hexachloro-diethyl sulphides now described 
are oxidised to the sulphonic acid by a few hours’ heating under a 
reflux with nitric acid; some product resembling chloropicrin in 
odour is also formed. The sulphonic acid is separated as the lead j 
salt and converted into crude ammonium salt, which is readily I 
purified by crystallisation from absolute alcohol. Ammonium 
P-chloroethanesulphonate is thus obtained in m in u te ; needles 
melting a t 198° (corr.), which gave correct analytical results.*
The oxidation to p-chloroethanesulphonic acid shows th a t all 
these derivatives contain the group CHaCl’CH^S*, and indicates 
th a t the constitutions are probably those assigned above.
On passing dry chlorine into pp'-dichlorodiethyl sulphide, allowing 
the liquid to  warm up spontaneously, and finally heating a t  100° 
in the current of chlorine, sulphur dichloride slowly distils over, the j 
absorption ceasing after about twenty-two hours; the product, on 
distillation, yields a mixture of sulphur monochloride and dichloride | 
followed by an oil boiling a t 130—175°. Above this temperature j 
the distillate solidifies in the condenser, the crystalline substance j 
being identified as perchloroethane, melting a t 185°. The liquid 
boiling a t 130—175° separates sharply, on distillation through a 
Dufton column, into appp-tetrachloroethane, boiling a t 129— 130° 
(Kanonnikow, Diss., Kasan, 1880, gives the boiling point as 129*5— 
130°), and pentachloroethane, boiling a t 159—161° (Thorpe, T., 
1880, 37, 192, gives the value 159*1°), whilst a crystalline residue 
of perchloroethane remains in the distillation flask. On occasions 
when the chlorination was less exhaustive, mixtures containing 
lower chlorinated ethanes were obtained, but these were not further 
examined.
I t  thus appears th a t aapppp'-hexachlorodiethyl sulphide is decom­
posed by the addition of two molecular proportions of chlorine into 
sulphur dichloride, hexachloroethane, and ethylene dichloride, the 
last then undergoing further chlorination.
Action of Sulphur Monochloride on -Dichlorodiethyl Sulphide.
I t  is known th a t pp'-dichlorodiethyl sulphide is fairly resistant 
to  sulphur monochloride, especially in absence of iron (J. Soc. Chem.
* Some error has crept into B ennett’s analytical results.
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Ind., 1919, 3 8 ,  469r; T., 1921, 1 1 9  , 645), bu t reaction does occur 
on prolonged contact of the two substances; the nature of the 
c h a n g e s  induced was therefore studied.
Carefully purified pp'-dichlorodiethyl sulphide (23-85 grams) was 
mixed with sulphur monochloride (405 grams) free from iron, and 
the mixture allowed to remain a t the ordinary tem perature in 
absence of moisture; hydrogen chloride was slowly evolved and, 
after seventeen weeks, 9*75 grams of this gas had escaped and 
crystalline sulphur (5*45 grams) had separated. The yellow liquid 
(49-2 grams) was distilled, when sulphur monochloride (106 grams) 
came over below 75°/15 mm., followed by an oil (15‘9 grams) 
boiling a t 108—126°/15 m m .; much foaming, due to  the evolution 
of hydrogen chloride, occurred during the distillation, and a black, 
tarry residue, consisting mainly of sulphur, rem ained., The oil boiling 
at 108—126° was separated by fractional distillation into trichloro- 
diethyl sulphide (8-0 grams) and tetrachlorodiethyl sulphide 
(5‘8 grams).
On boiling pp'-dichlorodiethyl sulphide (1 mol.) with sulphur 
monochloride (2 mols.) under a reflux, hydrogen chloride is slowly 
evolved, and after several hours an almost black liquid resu lts; on 
distillation, a small yield of tetrachlorodiethyl sulphide is obtained 
(about one-fourth by weight of the original sulphide), whilst a 
heavy, black ta r  containing sulphur remains. The same result is 
obtained on heating the m ixture a t 100° for ten hours, when the 
evolution of hydrogen chloride ceases; a similar proportion of 
tetrachlorodiethyl sulphide and black ta r  results.
I t  thus appears th a t sulphur monochloride acts as a chlorinating 
agent on pp'-dichlorodiethyl sulphide, slowly producing therefrom 
trichloro- and tetrachloro-diethyl sulphide a t the ordinary tem per­
ature, and tetrachlorodiethyl sulphide in smaller yield a t 100° or 
at the boiling temperature. The foaming which occurs during the 
distillation is probably due to the removal of hydrogen chloride 
f r om,p p' - dichloro diethyl sulphide dichloride.
Action of Sulphur Dichloride on pp'-Dichlorodiethyl Sulphide.
On adding sulphur dichloride, prepared by the method of Pope 
and Heycock, to pp'-dichlorodiethyl sulphide a t 0°, heat is evolved 
and the red colour of the sulphur dichloride is a t once discharged; 
the liquid becomes yellow, smells of sulphur monochloride, and 
hydrogen chloride is evolved. As more dichloride is added, the 
action becomes less vigorous, and ultim ately rapid stirring is 
necessary to discharge the red colour; about four molecular pro­
portions of sulphur dichloride can be added before the red colour 
becomes persistent for a considerable time, bu t much of the reagent
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is certainly carried away or decomposed by the escape of hydrogen | 
chloride from the agitated liquid. Addition of a trace of iron hastens j 
.the action. When the product presenting the persistent red colour j 
is distilled under reduced pressure, sulphur dichloride followed by [ 
sulphur monochloride comes over below 75°/15 mm., but distillation I 
is rendered difficult by the evolution of torrents of hydrogen chloride, j 
By distilling small quantities a t a time, a further distillate is obtained j 
a t 99—116°/14 m m .; this, on further fractionation and analysis, I 
proves to be mainly trichlorodiethyl sulphide and tetrachlorodiethyl ; 
sulphide.
On heating the first reaction product a t 150—160° under atmo- | 
spheric pressure, hydrogen chloride is evolved and sulphur mono­
chloride d istils; when the dark red residue is distilled under 
reduced pressure, sulphur monochloride comes over below 75°/18 
mm., followed by an orange-coloured fraction a t 110—130°/18 mm. 
Ju s t after condensation this fraction is nearly odourless, but on 
standing i t  soon evolves hydrogen chloride and acquires the odour 
of sulphur monochloride.' This change in colour is probably 
attributable to  the presence of [3-chloroethylsulphur chloride, : 
CH2C1”CH2*SG1. On treating the fraction with dilute nitric acid ; 
in order to oxidise the latter substance to P-chloroethanesulphonie 
acid, the residual oil, when distilled under reduced pressure through j 
the Dufton column, .is resolved into trichloro- and tetrachloro- ; 
diethyl sulphides.. The tarry  residue left in the distillation of the ; 
crude product yields sulphur after boiling in benzene solution with ! 
animal charcoal.
Consideration of the results described, which are typical of 
m any others obtained, leads to the conclusion th a t the chief reactions 
concerned in the action of sulphur dichloride on pp'-dichlorodiethyl 
sulphide are the following :
1. (CH2C1-CH2)2S +  2SCl2= C H 2Cl-CHCl-S-CH2-CH2C l+ S 2Cl2+ H a
2. (CH2C1-CH2)2S +  S2C12 =  CH2C1-CHC1-S-CH2-CH2C1 +  2S +  HC1.
W ith these is coupled the further chlorination to tetrachlorodi­
ethyl sulphide.
Whilst the above represent the principal reactions of sulphur j  
dichloride with pp'-dichlorodiethyl sulphide, evidence has been 
obtained, as is noted above, th a t a certain proportion of p-chloro- | 
ethylsulphur chloride is also formed. This substance could only 
result from the reaction expressed by equation 3, nam ely:
3. (CH2C1-CH2)2S +  SC12. =  2CH2C1-CH2-SC1,
and i t  appears th a t reaction 3 is reversible under appropriate 
tem perature conditions, yielding pp'-dichlorodiethyl sulphide, whicb,
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in presence of sulphur dichloride, yields trichlorodiethyl sulphide in 
accordance with equations 1 and 2. We are still occupied with the 
preparation in a pure state of P-chloroethylsulphur chloride and 
with the study of its properties. The production of p-chloroethyl- 
sulphur chloride seems to  he proved by numerous experiments, 
of which the following may be quoted as typical.
Sulphur dichloride (305-8 grams) was gradually added during 
four hours, with constant stirring, to  pp'-dichlorodiethyl sulphide 
(71*3 grams), the tem perature being maintained a t 0°, Concen­
trated nitric acid (293 c.c., d 1-42) was then slowly added with 
cooling, when vigorous oxidation took place interm ittently; after 
standing over-night, the m ixture was run into water, the separated 
oil (54-0 grams) washed with water and very dilute sodium bicar­
bonate solution, dried, and distilled a t atmospheric pressure. After 
repeated fractional distillation a colourless oil, which fumed slightly 
in the air and boiled a t 198—204° under atmospheric pressure and 
at 93—97°/17 mm., was obtained. On analysis, this proved to  be 
the p-chloroethanesulphonyl chloride, CH2C1-CH2*S02C1, described 
by Kolbe (J. Chem. Soc., 1862, 15, 97) as boiling a t about 200° 
and by James (T., 1883, 43, 42) as boiling a t 200—205° (Found : 
Cl =  43-74; S =  19-33. Calc., Cl =  43*50; S =  19-67 per cent.). 
When this oil was repeatedly evaporated with the diluted nitric acid 
solution, the liquid treated with lead carbonate, and the filtrate 
evaporated, lead ft-cJiloroethanesulphonate was obtained as a white 
powder (Found : ' C =  9-7; H  =  1-4; ■ Pb =  42T8. C2H 40 3ClSPb 
requires C =  9"7; H  =  1*6; Pb =  41 -9 per cent.).
A further secondary reaction seems to  accompany the action of 
sulphur dichloride on pp'-dichlorodiethyl sulphide and results in 
the formation of diethylene disulphide. On agitating the crude 
product of the action of sulphur dichloride on pp'-dichlorodiethyl 
sulphide with a paste of chalk and water in order to  hydrolyse the 
chlorides of sulphur, extracting with ether, evaporating the ether 
extract, and treating the residue with nitric acid a t 0° until no 
further oxidation occurs,, the residual heavy oil, after washing and 
drying, gives on distillation the sulphonyl chloride boiling a t  95— 
98°/16 mm., and a residue which yields a  solid condensate when 
distilled under atmospheric pressure. This solid m aterial crystallises 
from alcohol and is diethylene disulphide (F ound: C = 39-6 ; H = 6 '6 . 
Calc., C =  39-9 ; H  =  6-7 per cen t.); it  gives the characteristic 
blood-red coloration with nitric acid, and the quantity  of pure 
product (1*5 grams) obtained from highly purified pp'-dichloro­
diethyl sulphide (54 grams) melting a t 14° is so large as to  preclude 
its having been present in the original materials.
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Interaction of Ethylene and Sulphur Dichloride.
I t  has previously been shown (Gibson and Pope, T., 1920, 117, 
271)'th a t on saturating sulphur dichloride with ethylene and dis­
tilling the product under reduced pressure a fraction is obtained 
which contains about 90 per cent, of pp'-dichlorodiethyl sulphide 
and weighs about half as much as the sulphur dichloride used; 
this corresponds with a yield of about 30 per cent, of th a t which 
should be obtained in accordance with equation 4.
4. 2CH2:CH2 +  SC12 =  (CH2C1*CH2)2S.
On treating ethylene with sulphur dichloride, although not to 
completion, Guthrie {Quart. Journ. Chem. Soc., 1860, 12, 116) 
obtained the unstable p-chloroethylsulphur chloride, and Conant, 
Hartshorn, and Richardson (J. Amer. Chem. Soc., 1920, 42, 590) 
concluded th a t they obtained the same substance by the action of 
sulphur dichloride on an excess of ethylene. For the purpose of 
elucidating the reaction between ethylene and sulphur dichloride 
we have carried out a number of experiments.
On passing a current of dry ethylene through strongly agitated 
sulphur dichloride m aintained a t  0°, the ruby-red colour of the 
dichloride changes to straw-yellow long before the proportion of 
ethylene absorbed attains th a t indicated in equation 4. When the 
product, obtained by passing in ethylene until the ruby-red colour 
is on the point of disappearing, is distilled under diminished pressure, 
a little  sulphur dichloride comes over, followed by a considerable 
quantity  of sulphur monochloride, both below 80°/15 m m .; much 
foaming, with evolution of hydrogen chloride, then occurs, and a 
fraction having the orange colour of p-chloroethylsulphur chloride 
distils a t 95— 130°/15 mm.,-and, lastly, a small fraction boiling at 
150—160°/15 mm. A black ta r  remains in the distilling flask and 
this, as also the fraction distilling a t 150—160°/15 mm., is instantly 
oxidised by nitric acid, giving P-chloroethanesulphonic acid. On 
agitating the fraction boiling a t 95—130°/15 mm. with dilute nitric 
acid, to convert the P-chloroethylsulphur chloride into the sulphonic 
acid, a pale green oil remains, which is separable, by repeated 
fractionation through a Dufton column under reduced pressure, into 
about two parts of the trichlorodiethyl sulphide and one p art of the 
tetrachlorodiethyl sulphide described above.
Ho evidence has been obtained of the presence of pp'-dichloro­
diethyl sulphide in the product which results from treating sulphur 
dichloride with ethylene up to the stage a t which the dichloride 
itself disappears; the method of examining the product should 
have led to the detection of dichlorodiethyl sulphide, had this been 
present, because the chlorides of sulphur were distilled off rapidly
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below 80°. During the distillation, little evolution of hydrogen 
chloride takes place before the sulphur chlorides have been volatilised 
and it thus appears th a t sulphur monochloride is present in the 
product before distillation.
The results obtained are in accordance with the view th a t several 
reactions occur simultaneously, namely, th a t indicated by Guthrie 
(5), followed by the conversion of [3-chloroethylsulphur chloride into 
trichlorodiethyl sulphide, hydrogen chloride, and sulphur mono­
chloride in accordance with 1 and 3.
The results obtained suggest th a t two reactions, represented by 
equations 5 and 6, occur simultaneously when ethylene is brought 
into contact with sulphur dichloride a t 0°, namely :
5. 2CH2:CH2 +  SC12 =  (CH2C1-CH2)2S
6. c h 2:c h 2 +  SC12 =  CH2C1-CH2-SC1,
and that a t the low tem perature reaction 5 is followed by th a t 
represented by equation 1, already shown to occur; after the sulphur 
chlorides have been distilled off, the product of reaction 6 decomposes 
in part in accordance with the reversal of reaction 3. A complication 
is introduced by further chlorination of trichlorodiethyl sulphide 
to give the tetrachloro-derivative. After the sulphur dichloride 
has disappeared, further absorption of ethylene occurs by the 
sulphur monochloride produced; if this follows the completion 
of reactions 5, 6, 1, and 2, the yield of [3[3'-dichlorodiethyl sulphide 
should be 25 per cent, of th a t which would be obtained if reaction 
5 proceeded alone. I t  has been shown, however, th a t some te tra ­
chlorodiethyl sulphide is produced by further chlorination; the 
occurrence of this as a subsidiary reaction would increase the 25 per 
cent, yield; and, as has been noted, the to ta l yield obtained by 
Gibson and Pope was about 30 per cent, of th a t possible from 
equation 5.
It has been stated by Conant and his colleagues (loc. cit.), th a t 
chlorination of the pp'-dichlorodiethyl sulphide first formed can be 
prevented and a fairly pure sample of the latter obtained by treating 
dilute solutions of sulphur dichloride in carbon tetrachloride with 
ethylene.
Although the tri-, tetra-, and hexa-chlorodiethyl sulphides now 
described are more readily oxidised to the (3-chloroethanesulphonic 
acid than is the dichloro-derivative, i t  was not found possible to  
prepare the corresponding sulphoxides and sulphones by the 
customary methods of oxidation. The sulphoxides of the tri- 
and tetra-chloro-compounds were obtained by the action of alkaline 
hypochlorite solutions on pp'-dichlorodiethyl sulphoxide; the  
hexachlorodiethyl sulphoxide could not be obtained, and it  appears
6 0 3  REACTIONS OF PP'-DICHLORODIETHYL SULPHIDE. j
th a t the  facility with which the sulphoxide is formed diminishes as i
the number of chlorine atoms in the molecule increases. ![
-  ■ ' i
-Trichlorodiethyl Sulphoxide, CH2C1*CHC1'S0*CH2*CH2C1. j
PP'-Dichlorodiethyl sulphoxide (50 grams) is mixed with sodium 
hydrogen carbonate (80 grams) and stirred up with sodium hypo­
chlorite solution (500 c.c. containing 15 per cent, of available 
chlorine); vigorous action soon sets in and carbon dioxide is 
evolved. The mixture is cooled a t 20° and filtered after two hours, 
the filtrate and residue extracted with chloroform, and the chloro­
form solution evaporated. The residual oil (32 grams) deposits 
crystalline pp'-dichlorodiethyl sulphoxide (15 grams) and, after j 
filtration of the latter, the oil is extracted with hot 30 per cent. j 
alcohol; after heating on the water-bath and cooling, the remaining j 
oil crystallises. The crystalline deposit is purified by crystallisation ■ 
from  carbon tetrachloride and proves to be app'-trichlorodiethyl 
sulphoxide (6 grams), which crystallises in long, colourless needles I 
melting a t 69° (Found : C =  22’8 ; H  =  3-40; 01 =  50‘82. ;
C4H 70013S requires C =  22-9; H  — 3-37; 01 =  50-77 per cent.), j 
The compound is freely soluble in benzene, chloroform, or alcohol, [ 
less soluble in ether, and nearly insoluble in cold water or carbon I 
tetrachloride. |
appp'-Tetrachlorodiethyl Sulphoxide, CHC12• CHC1 • SO• CH2• CH2Cl. |
The previous preparation is carried out so far as the cooling after J 
the initial reaction with hypochlorite, and a large excess of hypo­
chlorite solution is then added; after remaining over-night, the 
sludge is filtered by the aid of the pump, all oily products being 
drained away as completely as possible. The residue is washed with 
dilute hydrochloric acid, and the almost dry filter cake extracted 
with alcohol; on evaporating the alcoholic extract, a crystalline 
residue of the crude tetrachloro-compound is obtained, which is 
purified by crystallisation from boiling water. The substance 
separates from water in long, white needles melting a t 121°; it is 
very soluble in alcohol or chloroform, less so in ether, and nearly | 
insoluble in cold water (Found : C =  19-6; H  =  2-5; Cl =  58-1. 
C4H 6OCl4S requires C =  19 '7; H  =  2-5; Cl =  58-1 per cent.).
T h e  C h e m i c a l  L a b o r a t o r y ,  j
U n i v e r s i t y  o e  C a m b r i d g e .  [Received, March 6 ^ , 1 9 2 2 . ]
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CXXVII.—The Sulphilimines, a New Class of Organic 
Compounds containing Quadrivalent Sulphur.
By Frederick George Mark and William Jackson Pope.
Professor H. S. Rarer, of the University of Leeds, in a report to  
the Chemical Warfare Departm ent dated May, 1917, showed th a t 
pp'-dichlorodiethyl sulphide readily undergoes condensation with 
sodium toluene-p-sulphonchloroamide, CeH 4Me*S02Na!NCl,3H20 , 
first described by Chattaway (T., 1905, 87, 153) and now widely 
used as a germicide under the name of “ chloramine T ” (Dakin, 
Cohen, Dufresne, and Kenyon, Proc. Roy. Soc., 1916, [B], 89, 232). 
The manufacture of chloramine T has been recently described by 
Inglis (J. Soc. Chem. Ind., 1918, 37, 288t). The condensation 
product, of which the composition corresponds with the constitution 
C6H4Me*SQ2*N.'S(CH2*CH2Cl)2, is highly crystalline, melts a t 144-5°, 
and has been found useful for the characterisation of pp'-dichloro­
diethyl sulphide. We are indebted to  Professor Raper for permission 
to examine further the reaction involved, which proves to  be of 
very general application. .
During the formation of the condensation product the bivalent 
sulphur atom of the organic sulphide becomes quadrivalent 
and a novel element of constitution is produced; it is suggested 
that the name “ sulphilimine ” should be given to the 
grouping >S.'NH. We have been able to  prepare sulphilimines 
from several alkyl sulphides as well as from pp'-dichlorodiethyl 
sulphide; we have not been able to  prepare such compounds from 
the tri-, tetra-, and hexa-chlorodiethyl sulphides recently described 
(this vol., p. 594). I t  thus appears th a t the more highly chlorinated 
diethyl sulphides are too feebly basic to yield quadrivalent sulphur 
compounds with the acidic toluenesulphonamido-group; in these 
attempts only toluenesulphonamide could be isolated. Triphenyl- 
arsine, however, condenses with chloramine T, yielding a double
1 0 5 3  MANN AND POPE : THE SULPHILIMINES, A NEW CLASS OP j
compound of the substance C6H 4Me’S 02\NlAs(C6H 5)3 with p-toluene- j
sulphonam ide; this reaction is in some respects analogous to  that ! 
by which Staudinger and Hauser obtained triphenylphosphine- j 
benzoylimine, (C6H 5)3P.'N-CO*C6H 5 (Helv. Cliim. Acta, 1921, 4, 861). |
■ . I
E x p e r i m e n t a l . I
Metkylethylsulphine-'p-toluenesulphonylimine,
MeEtS:N-S02-C6H4Me.
— On shaking methyl ethyl sulphide (3 grams) with a cold concen­
tra ted  aqueous solution of chloramine T (10 grams), considerable | 
evolution of heat occurs and a white, crystalline solid separates; j 
after remaining for an hour, filtering, washing with cold water, and I 
drying, a product (6*3 grams) is obtained which crystallises from ; 
ho t benzene solution in fine, white needles melting a t 133° (corr.) 
(Found : C =  49*1; H  =  6-2; N =  5-9. C10H 15O2M>2 requires 
0  =  48-9; H  =  6-2; N =  5-7 per cent.).
Diethylsulphine-'p-toluenesulphonylimine, E t2SIN,S 0 2*C6H 4Me.—
Diethyl sulphide (5 grams) is shaken with a cold dilute aqueous 
solution of chloramine T (14 grams) and the product (12-3 grams), : 
obtained as above, dissolved in chloroform; on evaporation, the 
chloroform solution deposits crystalline material which, after wash­
ing with ether and recrystallisation from benzene, yields the con­
densation product in small, white, crystalline plates melting a t 144° i 
(corr.). Owing to  the considerable heat evolution, it  is desirable to i 
work in dilute solution (Found: 0  =  51-0; H  =  6-5; N  =  5-3. ; 
C U B A N S , requires 0  =  50-9; H  =  6-6; N =  5-4 per cent.). !
Both the above compounds are very soluble in chloroform, 
moderately soluble in cold alcohol, and almost insoluble in cold 
benzene; they are practically insoluble in  hot ether or light 
petroleum.
fift'-DichlorodiethylsulpMne-p-toluenesulphonylimine,
(CH2Cl*CH2)2S:N*S02*06H4Me.
— pP '-Dichlorodiethyl sulphide (17-1 grams) is shaken with an 
aqueous solution of chloramine T (28 grams), when the condensation 
product immediately begins to  crystallise; after an hour, the 
product is filtered off, washed with water, dried, and washed with 
light petroleum. On crystallisation from hot alcohol, the colourless 
material (33 grams) thus obtained yields the pure substance (23-5 
grams) in the form of fine, white needles melting a t 144-5° (corr.) 
(Found : 0  =  40-2; H  =  4-7; 1ST =  4-4. Cn H 150 2]NrCl2S2 requires j 
0  =  40-2; H  =  4-6; N =  4-3 per cent.). ‘
Dibenzylsulphine-p-toluenesulphonylimine, \
(C6H 5-CH2)2S:N-S02-06H4Me.
— Dibenzyl sulphide (4-3 grams) is dissolved in acetone and well
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shaken with a cold aqueous solution of chloramine T (6 grams); 
the condensation is completed by heating on the water-bath a t 50° 
for a few minutes, when a crystalline solid separates. After diluting 
with water, evaporating off the acetone, and cooling, the crystalline 
material is filtered, washed, dried, and crystallised from hot benzene; 
it separates in white needles (5-8 grams) melting a t 193° (corr.) 
(Found : C =  65-7; H  =  5-5; N  — 3-5. C21H 210 2NS2 requires 
0  =  65*7; H  =  5-5; N  =  3-6 per cent.).
On hydrolysing the four substances described above by boiling 
•with water or dilute hydrochloric acid, _p-toluenesulphonamide was 
obtained; no crystalline product corresponding with the sulphoxide 
of the alkyl sulphide was isolated.
\ Diethyldisulphine-(bis)-p-toluenesulphonylimine,
C6H 4Me-S02* N :S < ^ ^ ’. ^ > S :N*S02-C6H 4Me.
—An alcoholic solution of diethylene disulphide (2 grams) and 
chloramine T (8-5 grams) is boiled under reflux for an hour and 
cooled, the white solid (3-4 grams) which separates being then 
washed with water and dried. The product is insoluble in ordinary 
solvents, but dissolves in warm aniline and nitrobenzene; it  is 
purified by repeated extraction with boiling chloroform and 
recovered as a white powder on evaporating the chloroform solution 
to a small bulk. The compound has no definite melting point, bu t 
commences to  darken a t 165°; decomposition is complete a t 200° 
(Found : C =  47-4; H  =  4-5; N =  6-1. C18H 220 4lSr2S4 requires 
€  =  47-1; H  =  4-8; N =  6-1 per cent.).
Double Compound of Triphenylarsine-p-toluenesulphonylimine with 
p-Toluenesulphonamide,
2C6H 4Me-S02-N:As(C6FI5)3,C6H 4Me-S02-NH2.
—Triphenylarsine (3 grams) and chloramine T (6 grams) are boiled 
with water (300 c.c.), these proportions being necessary to  give 
complete solution, and, on cooling, the pure condensation product 
(3-3 grams) separates in long, white needles; after washing with 
water and drying, the substance melts a t 176-5° (corr.) and subse­
quent fractional crystallisation from boiling water, or extraction 
with boiling acetone, fails to  alter the melting point and composition. 
Although the product is evidently a pure substance, analysis shows 
that it is not the expected triphenylarsylamino-p-sulphonyltoluene, 
but indicates it to consist of two molecules of this compound with 
one of p-toluenesulphonamide (Found : C =  58-6; H  =  4-9; N  =  
3-7; S =  8-5; As =  13-4. C52H 530 6N3S3As2 requires C =  61-0; 
H =  4-7; N =  3-7; S =  8-6; As =  13-4 per cent.). The analytical 
figures quoted are the means of a number of consistent results, bu t
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i t  is obvious th a t the carbon determination is much too low; no I 
explanation of this is suggested. !
On boiling the substance with dilute hydrochloric acid and cooling, j 
p-toluenesulphonamide separates and from the filtrate triphenyb 
arsonium hydroxide, melting a t 115°, is deposited on concentration; 
the identity of this substance was confirmed by preserving it for 
some time in a vacuum over phosphoric oxide, when it  became 
converted into triphenylarsonium oxide melting a t 187°.'
I t  is noteworthy th a t no condensation product could be obtained 
by the action of chloramine T on either dimethylaniline or 
p-thiotolene.
T h e  C h e m i c a l  L a b o r a t o r y ,
U n i v e r s i t y  o e  C a m b r i d g e .  . [Received, M ay 4th, 1922.}
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CCXI.—The ft - Chtoroviny tar sines.
By Frederick George Mann and William Jackson Pope.
Acetylene is absorbed by arsenic trichloride in presence of 
aluminium chloride, and from the product, after treatm ent with 
water, three substances of novel types m ay  be isolated, namely, 
{3-chlorovinyldichloroarsine, CHC1ICH*AsC12, (3 pdichlorodi vinyl- 
chloroarsine, (CHC1ICH)2AsC1, and (3 [3' (3" - trichlor otrivinylarsine, 
(CHC1ICH)3As. A brief description of the reaction involved and 
of the properties of the products has been given by Green and 
Price (T., 1921, 119, 448), and the results of a fuller examination 
of the chlorovinylarsines are recorded in  the present paper.
The mixture of the three above-named arsines, prepared as 
described by Green and Price, was carefully fractionated with the 
aid of a long glass column packed with short sections of glass tubing 
in imitation of the Raschig ring dephlegmator. The pure com­
ponents thus separated have the following boiling points :
. p-Ohlorovinyldichloroarsine : 76—77°/12-5 mm. and 82°/16-5 mm. 
pp'-Dichlorodivinylchloroarsine : 108—109°/10-5 mm., 116—
117°/15 mm., and 120—121°/17 mm.
pp'p''-Trichlorotrivinylarsine : 139—140°/13 mm. and 144°/16 
mm. This substance crystallises on cooling in long, white needles 
which melt a t 23°.
These three arsines are converted by oxidation into the corre­
sponding quinquevalent arsenic compounds. The (3-chlorovinyl- 
arsinic acid, CHG1.‘CH*AsO(OH)2, obtained from the primary 
dichloroarsine, gives a mono-ammonium salt; the (3[3'-dichloro- 
divinylarsinic acid, (CHC1.‘CH)2AsO(OH), formed from the secondary 
chloroarsine, gives a well-defined nitrate together with stable 
metallic salts, whilst the oxidation product, (CHC1ICH)3AsO, of 
the tertiary arsine yields a crystalline nitrate, bu t does not behave 
as an acid. The la tter oxide corresponds with the arsine dibromide, 
(CHCl!CH)3AsBr2, and the methiodide, (CHCKCH)3As(CH3 )I, 
described below.
The tertiary arsine condenses with chloramine T, yielding a 
product of the constitution (CHC1ICH)3AsIN,S 0 2*C6H4 ,CH3 ; this 
compound is of a novel type, containing the grouping 7  As IN- , 
and may be termed an “ arsylimine ” from its analogy to the 
sulphimines, containing the group —SIN—, which we have recently 
described (this vol., p. 1052). The tenacity with which the arsyl­
imine retains one molecular proportion of water arouses the sus­
picion that it may contain the saturated grouping, 7 As(0 H)*NH—. 
The behaviour of the tertiary  arsine towards platinic, palladous.
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and auric chlorides is of interest. Cahours and Gal (Compt. rend., 
1870, 70, 897, 1380; 71, 208) found th a t triethylphospkine reacts 
with platinic chloride, yielding two isomeric platinochlorides, of 
the composition (Et3P)2PtCl2, both of which combine with more 
of the phosphine giving the platinichloride, (Et3P)4PtCl2; they 
obtained an analogous set of compounds with triethylarsine and 
platinic chloride and showed th a t triethylarsine yields the com­
pounds (Et3As)2PdCl2 and E t3AsAuCl with palladous and auric 
chlorides, respectively. •
We find th a t p p' p' '-trichlorotrivinylarsine behaves like triethyl- 
arsine towards palladous and auric chlorides, yielding the sub­
stances [(CHCi:CH)3As]2PdCl2 and (CHCi:CH)3AsAuCl, bu t that 
its behaviour towards platinic chloride is different. We have 
obtained two compounds which analysis shows to  correspond 
with the formulse [(CHCi:CH)3As],Pt(CH:CHCl)2 and
[(OHCi:CH)2AsCl]2f(CHOi:GH)2As-OH]2PtCl2; 
if these constitutional formulse are correct, and this we cannot yet 
assert, the substances correspond in type of constitution with the 
triethylphosphine and triethylarsine platino- and platini-chlorid.es 
of Cahours and Gal.
E x p e r i m e n t a l .
P-Cklorovinylarsinic Acid, CHC1,‘CH°AsO(QH)2.—p-Chlorovinyl- 
clichloroarsine is vigorously oxidised when warmed with an equal 
volume of concentrated nitric acid; the oxidation sets in spon­
taneously in the cold, and the resulting solution, when chilled and 
scratched, deposits p-cklorovinylarsinic acid as a mass of colourless 
crystals. The acid crystallises from a mixture of acetone and 
carbon tetrachloride in long needles melting a t 130° (Found: 
Cl =  19-1. C2H40 3C1As requires Cl =  19-0 per cent.).
When the acid is heated in a vacuum a t 110—115°, it  loses one 
molecular proportion of water, giving the corresponding anhydride, 
p-cklorovinylarsinic oxide, CHC1.'CH*As02 (loss found =  9-68. 
1H20  requires 9-66 per cent.). The anhydride forms a fine, white, 
hygroscopic powder and decomposes violently a t 242° (Found: 
Cl =  20-7. . . C2H 20 2C1As requires Cl =  21-0 per cent.). All 
attem pts to  recrystallise it  resulted in the production of the original 
acid.
The mono-ammonium salt, CHC1!CH*As0(0H)*0‘NH4, crystallises 
on evaporating an ammoniacal aqueous solution of the acid and 
is obtained in six-sided plates or in long needles; it  melts a t 163° 
with decomposition (Found : Cl =  17-4; N =  7-0. C2H 70 3NC1As 
requires Cl =  17-4; N  =  6‘9 per cent.).
We were unable to prepare P-chlorovinylarsenious oxide, 
CHCl!CH*AsO, by hydrolysing the corresponding chloride with
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potassium carbonate or dilate sodium hydroxide in the cold, only 
arsenious acid and acetylene being obtained, as indicated by the 
experiments of Green and Price. -On treating the chloride in 
carbon tetrachloride solution with hydrogen sulphide, hydrogen 
chloride is evolved and a viscous liquid deposited; the latter is 
purified by solution in carbon disulphide and evaporating, when a 
pale-yellow, viscid liquid with a strong garlic-like odour results. 
This substance solidifies to a hard resin on strong cooling, bu t 
could not be induced to crystallise; analysis showed it  to  be the 
impure P-chlorovinylarsenious sulphide, CHClICH'AsS, but no 
satisfactory method for purifying i t  was found.
pp'-Dichlorodivinylarsinic Acid, (CHCKCH)2AsO*OH.—Green and 
Price obtained a crystalline oxidation product, melting a t 97°, 
by the action of nitric acid on pp'-dichlorodivinylchloroarsine; 
the preparation was repeated, the solid product being recrystallised 
from chloroform. The colourless, needle-shaped crystals thus 
obtained melt a t 99° and consist of pp'-dichlorodivinylarsinic acid 
nitrate, (CHCi:CH)2A s0-0H ,H N 03 (Found : Cl =  24-3; N  =  4-7. 
C4H60 5NC12As requires Cl =  24-1; N  =  4-8 per cent.).
This salt seems to  resist hydrolytic  dissociation, b u t is decom ­
posed when dissolved in  w a te r,. w ith  th e  aid  of alcohol, and  trea ted  
with sufficient s tandard  sodium hydroxide solution to  neutralise 
the nitric acid p resen t; on ex tracting  th e  aqueous solution w ith 
chloroform and evaporating  th e  ex trac t, the  free pp'-dichloro­
divinylarsinic acid, (CHCL‘CH)2AsO'OH, rem ains as a  crystalline 
mass. The acid crystallises in  colourless needles from  carbon 
tetrachloride containing a  little  benzene, and  m elts a t  120° (Found : 
Cl =  30-8. C4H 50 2C12As requires 01 =  30-7 per cent.). The
ammonium sa lt cannot be prepared  in  aqueous solution, b u t on 
evaporating an  aqueous alcoholic solution of th e  acid w ith  the  
equivalent q u an tity  of caustic po tash  solution, th e  potassium salt, 
(CHCKCH)2As0 ‘0 K ,4 H 20 , crystallises in  colourless plates (Found : 
K =  11-4; 01 =  20-8. C4H 120 6C12AsK  requires K  =  11-5; Cl =  
20-8 per cent.). The crystals m elt a t  49° and  (when k ep t in  a 
vacuum over phosphoric oxide for several days) yield the  anhydrous 
salt as a white, hygroscopic powder m elting a t  158° w ith decom­
position (Found : K  =  14-7; • Cl =  26-1. C4H 40 2C12AsK  requires 
K =  14-5 ; Cl =  26-4 per cent.).
The sodium salt, (CTI Ci ICH) 2 As O ■ ONa, 4H20 , prepared in a 
similar manner, forms small, colourless plates melting a t 70° 
(Found : Na =  7*1. C4H 120 6Cl2AsNa requires Na =  7-1 per
cent.). Dr. H. H. Dale, F.R.S., of the National Institu te for 
Medical Research, reports th a t this substance has no effect of any 
importance on Trypanosoma equiperdum infection in mice.
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PP'-Dichlorodivinylchloroarsine yields a clear solution when j 
boiled in aqueous solution with the equivalent quantity  of chlor­
amine T ; only [3 (3' - dichloro di viny lar sinic acid and p-toluene- 
sulphonamide could be isolated from the solution. The oxide 
corresponding with the chloroarsine could not be prepared by 
treating the la tter with the calculated quantity of caustic alkali; 
in light petroleum solution, the chloroarsine yields a granular, 
orange-red precipitate on addition of one molecular proportion 
of bromine, bu t this perbromide gives off hydrogen bromide when 
separated and exposed to  the air. j
(3(3'(3"-Tricldor otrivinylhydroxyarsonium Nitrate, j
(Ch c i :c i i )3As(o h )*n o 3. j
—{3(3'(3"-Trichlorotrivinylarsine is attacked violently by nitric acid j 
and it is desirable to  oxidise it in quantities of not more than S 
2- grams by cautious warming with an equal volume of concen­
trated  nitric acid in a capacious flask; a inass of colourless crystals 
is deposited on cooling, and this product, when crystallised from I 
a little chloroform, separates in small needles melting a t 103° j  
(Found: 01 =  31-3; N =  4-1.. CGH 70 4NCl3As requires 01= j
31*4; 1ST =  4-1 per cent.). When the hydroxy-nitrate is treated 
in aqueous solution with an equivalent of caustic soda, the solution : 
extracted with chloroform, and the chloroform extract evaporated, 
a crystalline residue is obtained; on crystallising this from I 
benzene containing a little carbon tetrachloride, -trichloro- \
trivinylarsenic oxide, (OHC1ICH)3AsO, separates in long, colourless 
needles or in small plates which melt with decomposition a t 154° 
(Found : Cl =  38-7. C6H 6OCl3As requires Cl =  38-6 per cent.).
(3f3'f3" - Trichlorotrivinylarsine dibromide, (CHClICH)3AsBr2, 
separates.in colourless needles, which melt a t 107°, when (3(3'(3"-tri­
chlorotrivinylarsine is cautiously treated in a freezing mixture 
with bromine (1 mol.), both in light petroleum solution. The 
substance is conveniently analysed by weighing the silver bromide 
precipitated on adding silver n itrate to its solution acidified witb 
nitric acid (Found : Br =  38-4. C6H 6Cl3Br2As requires Br. ==
38-1 per cent.), The dibromide may be recrystallised from boiling 
light petroleum, b u t the needle-shaped crystals which, separate j 
are followed by smaller crystals of some other product which melt I 
a t about 119°. On hydrolysing the dibromide by treatm ent with 
the calculated quantity of sodium hydroxide solution and extracting 
the clear solution with chloroform, the corresponding arsenic 
oxide melting a t 154° is obtained by evaporating the chloroform | 
extract.
On adding bromine (3 mols.) to the trichlorotrivinylarsine, both 
in cold light petroleum solution, a deep red precipitate is formed;
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this substance seems to be stable in a vacuum, bu t becomes , white 
when preserved for several days in a bottle.
(3 [3' [3 "-Trichlorotrivinylarsine sulphide, (CHC1ICH)3AsS, could 
not be prepared by heating the arsine under reflux with sulphur 
in benzene or ether solution or by heating i t  with sulphur a t 100°; 
Hydrogen sulphide acts on the dibromide in chloroform solution 
with evolution of hydrogen bromide, deposition of sulphur, and 
regeneration of the parent arsine, in accordance with the equation 
(CHCi:CH)3AsBr2 +  H 2S =  (CHCi:CH)3As - f  2HBr +  S.
[3 (3' (3"-TvicMorotrivinylmethylarsonium Iodide,
(c h c i:c h )3As(c h 3)i .
—On heating the arsine with an equimolecular proportion of methyl 
iodide for twenty-seven hours a t 100° in a sealed tube, the mixture 
solidifies almost completely to a mass of needle-shaped crystals; 
after washing the solid with petroleum and recrystallising it  from 
alcohol, the methylarsonium iodide is obtained in lustrous, colourless 
needles melting a t 209°. The iodide is analysed by acidifying its 
aqueous solution with nitric acid and collecting the silver iodide 
which is precipitated in the cold on addition of silver n itrate solution 
(Found: I  =  31*4. C7H 9C13IAs requires I  == 31-6 per cent.). 
$fi'fi"-Trichlorotrivinylarsine-~p-tohcenesulphonylimine,
(CHGi:CH)3As:N-S02-C6H 4Me,H20 . '
—A solution of the tertiary  arsine is boiled in acetone solution with 
chloramine T (1 mol.) for tw enty minutes, filtered, and the filtrate 
evaporated to dryness; the crystalline residue is washed with water 
and boiled with ether to extract sodium chloride and toluene- 
sulphonamide, and then recrystallised from benzene. The arsyl- 
imine is thus obtained in colourless plates melting a t 124° (Found : 
C =  34-7; H  =  3-4; N  =  3-1; Cl =  23-8. C13H 150 3NC13SAs requires 
0 =  34-9; H  =  3-4; N  =  3 -l; Cl =  23-8 per cent.). When the 
powdered solid is added to  hot benzene containing a fragment 
of calcium carbide, no evolution of acetylene occurs; i t  is there­
fore possible th a t the compound contains the grouping NH*As(OH) 
and that the molecule of water, the presence of which is- shown by 
the analyses, is not present as solvent of crystallisation.
Platinum Bis  - (3 - chlorovinylbis - (3(3'(3" - tricJilorotrivinylarsine, 
[(0HGl!GH)3As]2Pt(CHICHCl)2.—When an aqueous solution of 
chloroplatinic acid, diluted with alcohol, is added to an alcoholic 
solution of the tertiary  arsine, long, very pale yellow needles 
separate, followed later by short, lemon-yellow prism s; the 
mixture of crystals is removed and vigorously agitated with a little 
benzene, by which means a residue consisting only of the needles 
is obtained. This substance crystallises from alcohol in very pale 
yellow, almost white, needles and from benzene in pale yellow
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plates; it melts a t 198° with decomposition (Found: G =  22-9; ,
H  =  l-9 ; Cl =  33*8; P t =  23-0. C16H 16Cl8As2P t requires 
0  =  22-9; H  =  1-9; 01 =  33-9; P t  =  23-3 per cent.).
Bis - (3(3'-dichlorodivinylchloroarsinebis - (3(3' - dichlorodivinylhydroxy- 
arsine Platinichloride, [(CHCi:CH)2AsCl]2[(CHOi:CH)2As-OH]2PtCl2.
—The crystalline m ixture obtained above is agitated with dry 
ether until the la tter is saturated, and the ethereal extract allowed 
to  evaporate spontaneously; the pale yellow needles separate on 
the sides of the beaker and a crust of the lemon-yellow plates is 
formed on the bottom. The latter is further purified by crystallis­
ation from alcohol and melts with decomposition a t 196°; it is |
formed in quantity  only in presence of a decided excess of I
the tertiary  arsine (Found: C =  16-5; H  =  1-4; Cl =  36-6. |
Ci6H i80 201i2As4P t requires C =  16-5; II  =  1-6; Cl =  36-6 per j
cent.). i
Bis-$$'-trichlorotrivinylarsine Palladichloride, j
[(CHCi:CH)3As]2PdCLj. t
—An. alcoholic solution of palladous chloride is added to a cooled j
alcoholic solution of the tertiary  arsine; long, yellowish-brown |
needles begin to form within a few seconds and are ultimately j
separated and washed with a little ether. The substance melts j
with decomposition a t 196° and is soluble in ether and acetone 
(Found : Cl =  40-5; Pd =  15-5. C12Xi12Cl8As2Pd requires Cl =  
40-7; Pd  =  15-3 per cent.). The formation of this characteristic j
compound furnishes a ready means for detecting the presence of 
the tertiary  arsine. ;
( 3 0 -Trichlorotrivinylarsine Aurichloride, (CHC1!CH)3AsAuC].—
On adding an alcoholic solution of potassium aurichloride to a 
cooled alcoholic solution of the tertiary  arsine, the mixture rapidly 
becomes colourless and then slowly deposits small, heavy, white 
crystals. After washing and drying, the substance melts a t 123° 
with decomposition (Found : Au =  40-0. C6H 6C14AsAu requires 
Au =  40-1 per cent.). On exposing the colourless crystals to 
light for several days, they gradually acquire a purplish-grey 
colour.
T h e  Ch e m i c a l  L a b o r a t o r y ,
U n i v e r s i t y  o r  C a m b r i d g e . [Received, A u g u s t  5 th ,  1 9 2 2 . ]
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INTERACTION OF ANILINE AND ACRALDEHYDE.
BY
FRED ERICK GEORGE MANN.
F rom  th e  T r a n sa c t io n s  o i th e  C h em ica l S o c ie ty , 1 9 2 2 . V ol. 121.
CCLXI.— The Interaction of Aniline and Acraldehyde.
By F r e d e r i c k  G e o r g e  M a n n .
Schiet (Ann. Suppl., 1864, 3, 358) found th a t aniline and acralde- 
hyde reacted vigorously when mixed, even when chilled in a mixture 
of ice and salt. After lengthy purification, he obtained an odourless, 
varnish-like solid, to  which he assigned the formula C18H 18N2, 
basing this conclusion on the analysis of a platinichloride of the 
base. Schiff notes th a t  this base gives no crystalline derivatives, 
and that if an excess of aniline be present the base assumes a  
beautiful red colour. According to Koenigs (JBer., 1880, 13, 911), 
the crude acraldehyde-aniline yields on dry distillation about 7 per 
cent, of impure quinoline and a small quantity  of a less volatile 
base. He suggested th a t the yield of quinoline might be increased 
if the material was distilled with certain metallic oxides; boiling 
with a mixture of sulphuric acid and potassium chromate, however, 
gave no quinoline.
In the present investigation, the crude acraldehyde-aniline was 
prepared by adding aniline to acraldehyde cooled in a m ixture of 
ice and salt; the mixture rapidly yielded a viscous syrup, which 
changed to a pale yellow solid. This was purified by solution 
in ether and precipitation with light petroleum, and the white,
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amorphous precipitate proved to  have the composition C18H 20ON2, I 
being formed in accordance with the equation j
2 c h 2:c h - c h o  +  2 c 6h 5- n h 2 =  c 18h 20o k 2 +  n 2o .
This compound, when fused or exposed in solution, develops a 
deep red colour owing to oxidation, and not, as Schiff suggested, 
owing to  an excess of aniline in the original preparation; the red 
oxidation product is separated from the unchanged white base 
by  means of its insolubility in ether. I t  has the composition 
€ 3 6H 380 3N4, and is formed in accordance with the equation
2C18H 20ON2 +  o a =  C36H 380 3]Sr4 +  h 2o .
This compound is a deep red, amorphous, feebly basic powder, i 
th e  colour of which on exposure to light for several weeks slowly j 
fades to  pale brown.
Several attem pts were made to obtain quinoline from the com- [ 
pound C18H 20ON2, but none was successful. When slowly heated I 
a t  atmospheric pressure, the base melts to  a red liquid, and aniline j  
in  78 per cent, yield slowly d istils; contrary to  the statement of j 
Koenigs, no quinoline could be detected in the distillate. Dis- i 
tillation with metallic oxides or prolonged heating with nitrobenzene ! 
gave aniline b u t no quinoline. i
p-Toluidine reacts with acraldehyde to  give the analogous com- i 
pound, C20H 24ON2, which on distillation regenerates the base.
E x p e r i m e n t a l .
The Base C18H 20ON2.~A craldehyde (8-4 grams) was chilled in a i 
m ixture of ice and salt and well stirred while 14-0 grams of .aniline I 
were slowly added. When about one-third of the aniline had been 
added, th e  m ixture, which had a t  first remained a transparent, 
limpid liquid, suddenly became pale yellow and very viscous, 
much heat being generated, and finally the complete mixture 
rapidly solidified. After twenty-four hours, it  was dissolved in 
ether, filtered free from water formed in the condensation, and 
: the dilute solution added slowly to light petroleum (b. p. 60—80°), 
the base separating as a pure white, amorphous precipitate. If 
the  ethereal solution is too concentrated, the base is precipitated 
as a viscous syrup, making further treatm ent difficult. The base 
was filtered, dried over calcium chloride and paraffin wax until 
. free from petroleum, and, before analysis, heated a t 40° in a stream 
of hydrogen under reduced pressure. On heating, it  shrank 
together into a plastic rod a t 70° and melted a t 84° [Found : 0  =
77-2; H  =  7*0; N =  10*0; M , by cryoscopic method, 566 (in 
benzene), 550 (in nitrobenzene). C18H 20ON2 requires C =  77-1;
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H =  7-2 * 1ST — 10*0 per cen t.; M  — 280-2]. The base is freely 
soluble in ether, chloroform, benzene, or acetone; i t  dissolves in 
hot alcohol, and on cooling separates as a white powder. The 
addition of a small quantity  of dilute hydrochloric or sulphuric 
acid to its acetone solution produces a deep red: colour. The 
following derivatives were prepared.
Platinichloride, (C18H 20OlSr2)2,H2PtCl6.—Obtained by filtering a 
solution of th'e base in dilute hydrochloric acid directly into chloro- 
platinic acid solution. The ‘platinichloride is a  pale buff-coloured 
powder, which shrinks slightly a t 240°, bu t does not melt below 
300°, where it has decomposed to a brittle, black mass (Pound; 
Pt =  20-1. C36H 42Q2N4Cl6P t requires P t =  20-1 per cent.).
Picrate, C18H 2oON2,C6H 30 7]Sr3.—Obtained by direct precipitation 
with alcoholic picric acid solution in  the ether-light petroleum 
filtrate from the original purification of the base. The greenish- 
brown, amorphous picrate, after purification by reprecipitation in 
light petroleum, shrank a t  85° and melted with decomposition a t  
120—121° (Pound : C =  56 6 ; H  =  4-5 ; N == 13-5. C24H 230 8N 5 
requires C — 56-6;. H  =  4-5; . .N  =■ 13-7 per cent.).
Bromide.—On adding an excess of a dilute bromine solution in  
light petroleum to the ether-light petroleum filtrate, a buff-coloured 
precipitate separated, which evolved hydrogen bromide for several 
hours. I t  was then shaken, with dilute potassium hydroxide 
solution and purified by precipitation with light petroleum from 
chloroform solution. The pale brown, hygroscopic powder shrank 
at 110° and melted with decomposition a t 178—180°; on exposure 
to light for three weeks, the colour faded slightly. The composition 
of the bromide is uncertain, bu t the- base apparently adds on two 
molecules of bromine and then loses one of hydrogen bromide, 
giving the compound C18H 19ON2Br3 (Pound : G =  41-6; H  =  3-4; 
Br =  46-8-. C18H 1901Sr2Br3 requires C =  41-6; H  =  3-7; Br =  
46-2 per cent.).
The Oxidation Produet, C36H 380 3hT4.—The white base is heated 
for two hours on a water-bath, and the deep red, viscous melt is 
stirred from time to  time. The yield of the oxidation product is 
increased if a few drops of strong, hydrogen peroxide solution are 
added occasionally. The molten product is allowed to- cool in a  
vacuum over phosphoric oxide, and when cold the brittle red solid 
is ground, to- a fine powder and added in  small portions a t a tim e 
to a large excess of anhydrous ether,, which is shaken throughout 
the whole operation. After several m inutes’ shaking, the residue 
is filtered and washed free from the deep red filtrate with dry ether. 
The brick-red powder shrinks a t 126° and melts with decomposition 
at 143° (Pound C =  75-1; H  =  6-5; N =  9-8.
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requires C =  75-2; H  =  6-7; N =  9-8 per cent.). I t  gave the j 
following derivatives : I
Platinichloride, C36H 380 3N4,H2PtCle.-—Prepared in the same 
w ay as th a t of the base C18H 20ON2, but the red compound is so 
feebly basic^that much remained undissolved in dilute hydrochloric 
acid. The platinichloride is a dark red powder which shrinks at 
220° and melts with decomposition a t 280° (F ound: P t  =  19-7. 
C36H 40O3N4Cl6P t requires P t =  19-8 per cent.).
Picrate, C36H 38Q3N4,C6H 3Q7N3.—Precipitated with alcoholic 
picric acid solution from the saturated ethereal solution of the base. 
The picrate is a dark greenish-brown powder shrinking a t 100° and S 
melting to a black mass a t 140° (Found : C =  62-5; H  =  4-9; j 
N  == 12-0. C42H 41O10N 7 requires G =  62*7; H  =  oT ; N  =  12-2 j 
per cent.). j
Bromide.—Obtained by precipitation in light petroleum-chloro- j 
form solution by an excess of a dilute ethereal solution of bromine, j 
The precipitate evolved hydrogen bromide for many hours, and was ; 
then treated in the same way as the bromide of the base C18H 20Oj\t2. j 
The dark reddish-brown powder thus obtained shrank a t 180° j 
and melted with decomposition a t 280°; analysis showed it to be ; 
an impure tetrabromide. I
Dry Distillation of the Base C18H 20ON2.—One hundred and fifty j 
grams of the powdered base were heated gently in an oil-bath. 
The powder melted to  a red liquid which darkened in colour as ; 
water and then aniline distilled off. The bath  was gradually ! 
raised to  285°, when a metal-bath was substituted and the tem- j  
perature raised to  450°, the complete operation lasting ten  hours, j  
Eighty-five grams of damp aniline had then distilled over, and ! 
there remained behind 50 grams of light, brittle, carbonaceous 
m atter. Rectification of the distillate gave 78 grams of aniline 
boiling a t 183—185°, which, on acetylation, gave acetanilide, 
m. p. 112°; this fraction was followed by about 2 grams of a non- 
basic liquid in which no quinoline could be detected, and a small, 
ta rry  residue remained. The aniline corresponds with a yield of
78-5 per cent.
Aniline also resulted from the distillation of the base under j 
reduced pressure.
A ttem pts were made to dehydrate the base by mixing it  with 
a large excess of 90 per cent, sulphuric acid and then heating at 
150° for three hours; also to  oxidise it  by adding arsenic acid to 
such a mixture and heating a t 110° for the same period. In  each 
case, the product was diluted, made alkaline, and steam-distilled, 
b u t a small yield of aniline alone resulted and much tarry  matter 
remained. Aniline in good yield resulted also from the distillation
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of intimate mixtures of the base with lead dioxide and copper 
oxide, the mixture in  each case being distilled from an oil-bath, 
the temperature of which rose slowly to  250°. When the distillate 
was refractionated, no quinoline was detected; the addition of 
the metallic oxides was therefore without effect.
In another experiment, the base was heated under reflux with 
its own weight of nitrobenzene in an oil-bath, the tem perature of 
which rose from 130° to  190° in  the course of six hours. The dark- 
coloured product was diluted with water, acidified, and the 
unchanged nitrobenzene distilled with steam ; the residue was 
then made alkaline, and further steam distillation yielded a small 
quantity of aniline, the greater p art of the original base having 
been converted to a black, tarry  mass.
p-Toluidine and Acraldehyde.— -Toluidine (8*1 grams) in cold 
saturated ethereal solution was added to 4-2 grams of chilled 
acraldehyde, and after twenty-four hours the pale red solution was 
added to an excess of light petroleum. The cream-coloured, 
amorphous precipitate shrank a t 100° and melted a t 111° to  a red 
liquid (Found : C =  77-9; H  =  7-5. C20H 24QN2 requires C =  77-8;
H =  7-8 per cent.).
This base, on dry distillation, gave water and ^-toluidine, the 
latter, when dry, melting a t 43°.
The author wishes to  express his thanks to Professor Sir William 
Pope, at whose suggestion the work was undertaken. He is 
indebted to the D epartm ent of Scientific and Industrial Research 
for a grant which enabled the work to be carried out, and to 
Mr. Fred Flack for much help in the analyses.
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CXXXIXI.—The aa'-DichlorodialJcyl Sulphides.
By Frederick  G eorge Mann and W illiam  Jackson Pope.
L i t t l e  has heen published concerning the aa'-dichlorodialkyl 
sulphides, although Riche long ago {Ann. GJiim. Phys., 1855, [iii], 
43, 283) obtained a dichlorodimethyl sulphide as a yellow, un­
pleasantly smelling liquid by the chlorination of dimethyl sulphide. 
Bloch and Hohn have recently shown (Ber., 1922, 55, [J5], 53) th a t 
sulphur monochloride acts upon trithioformaldehyde with formation 
of aa'-dichlorodimethyl sulphide in accordance with equation 1 :
1. (CH2-S)3 +  2S2C12 =  (CH2C1)2S +  CS2 +  2HC1 +  4S.
2. (CH2-S)3 +  2SC12 =  (CH2C1)2S +  CS2 +  2HC1 +  2S.
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I t  is shown in the present paper th a t the yield is only about 70 per 
cent, of th a t indicated by this equation, but th a t sulphur dichloride 
acts practically quantitatively upon trithioformaldehyde in 
accordance with equation 2.
An excellent yield of cox'-dichlorodimethyl ether was obtained by 
Descude {Bull. Soc. chim., 1906, [iii], 35, 953) by treating trioxy, 
methylene with phosphorus trichloride in presence of zinc chloride; 
i t  was thus suggested th a t aa'-dichlorodimethyl sulphide might be 
obtained conveniently by the action of phosphorus trichloride and 
zinc chloride on trithioformaldehyde. The latter substance is, 
however, stable towards mixtures of these reagents.
When either of the sulphur chlorides acts upon a-trithioacetalde- 
hyde a m ixture of the aa'-dichlorodiethyl sulphide recently described 
by Bales and Nickelson (T., 1922, 121, 2137) with the previously
unknown diethylidene trisulphide, S < C * S , results.
Conclusive evidence in favour of the constitution now advanced for 
the latter substance cannot yet be produced, but the liberation of J  
sulphur when the compound is treated with nitric acid suggests j 
th a t the constitution is correctly stated. Diethylidene trisulphide, j 
however, behaves curiously towards both m ethyl iodide and j 
aa'-dichlorodiethyl sulphide, giving with both p-trithioacetaldehyde. j.
E x p e r i m e n t a l .
ax'-Dichlorodimethyl Sulphide.—1. From trithioformaldehyde and 
sulphur monochloride. When pure sulphur monochloride, prepared 
as we have previously described (T., 1921, 119, 636) and in the 
proportion—T3 mols.—actually used by Bloch and Hohn, is added | 
to  powdered trithioformaldehyde, the vigorous reaction observed |
by  these authors does not occur; on heating in boiling water at !
100°, hydrogen chloride is evolved freely and after an hour a red J 
liquid results. On distillation under ordinary pressure, more 
hydrogen chloride escapes and a liquid comes over up to 140°, 
followed by a little unchanged trithioformaldehyde; a residue of i 
ta rry  sulphur remains. The fractional distillation of the product 
yields carbon disulphide, a liquid boiling a t 108—109° which is 
probably a mixture (0 =  24-8; H  =  5-4; 01 =  28-1; S =  42-1 
per cent.), and aa'-dichlorodimethyl sulphide boiling a t 155—156°. 
W hen a larger proportion (2 mols.) of sulphur monochloride is j
used, the intermediate fraction boiling a t 108—109° is not obtained, |
bu t the aa'-dichlorodimethyl sulphide is contaminated with a little 
sulphur monochloride, which may be removed by redistillation 
over a small quantity  of trithioformaldehyde. :
2. From trithioformaldehyde and sulphur dichloride. Sulphur
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dichloride (73*3 grams, 2 mols.) is run on to powdered trithioform­
aldehyde (50 grams, 1 mol.), cooled in ice-water; hydrogen chloride 
is freely evolved and the mixture, after standing for fifteen minutes, 
is heated on the water-bath. On distillation under atmospheric 
pressure, much hydrogen chloride comes off and the tem perature 
rises to 155°; on fractional distillation through a Raschig dephleg- 
mator, the product is resolved into pure carbon disulphide and 
aa'-dichlorodimethyl sulphide. When the reaction mixture is 
directly distilled under reduced pressure, the carbon disulphide 
escapes condensation and aa'-dichlorodimethyl sulphide, boiling 
at 55—56*5°/17 mm., is a t once obtained, the yield being 97 per 
cent of th a t required by equation (2). The reaction thus proceeds 
practically quantitatively and the method of preparation now 
described is much to be preferred to th a t given by Bloch and Hohn.
aa'-Dichlorodimethyl sulphide is a colourless liquid boiling a t 
57*5—58*5°/18 mm., and having the density dxf  1*4144; i t  does 
not solidify in an ice-salt mixture, b u t forms a hard, crystalline 
mass when cooled in  a mixture of solid carbon dioxide and ether. 
It has no vesicant action on the skin. I t  reacts slowly with methyl 
iodide, giving a dark, viscous liquid from which no pure substance 
was isolated.
m'-DichlorodimetJiyl Sulphoxide, (CH2C1)2SQ.—On adding cold 
concentrated nitric acid to aa'-dichlorodimethyl sulphide, vigorous 
oxidation soon sets in, bu t the product yields bu t little of the 
sulphoxide. The latter is readily prepared by adding the dichloro- 
sulphide slowly to an agitated mixture of fuming (2 vols.) and con­
centrated (1 vol.) nitric acids, cooled in ice and salt; oxidation 
proceeds smoothly in the cold, after which the clear solution is 
diluted, neutralised, and extracted several times with chloroform. 
The chloroform extract yields a crystalline residue on evaporation; 
the pure sulphoxide is obtained by crystallisation from carbon 
tetrachloride in colourless plates melting a t 40° (Found : C =  16*5; 
H =  2*8; Cl =  48*5. C2H 4OCl2S requires C =  16*3; H  =  2*7; 
01=48*2 per cent.).
No crystalline nitrate corresponding to th a t formed by dimethyl 
sulphoxide could be prepared.
a.a.'-Dichlorodimethylsulphine-'p-toluenesulphonyUmine,
(CH2c i)2s :n -s o 2-c 6h 4-c h 3.
—On shaking a concentrated aqueous solution of hydrated chlor- 
amine T (5 grams) with aa'-dichlorodimethyl sulphide (2*4 grams), 
a solid substance soon separates; this after standing is separated, 
washed with water, dried, and crystallised from benzene; the pure 
sulphilimine is obtained in colourless needles melting a t 102° on 
crystallisation from dry ether (Found : C =  36*1; H  =  3*8;
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Cl =  23*6. C9H n 0 2NCl2S2 requires C =  36*0; H  =  3*7; Cl =  
23*6 per cent.).
. Ethyl TetrahydrothiophenS : 3 : 4 : 4,-telracarboxylate,
g < CH2-C(C02E t)2 
CH2-C(C02Et)2‘
—Ethyl ethanetetracarboxylate (15*9 grams) is dissolved in a solu­
tion of sodium (2*3 grams) in absolute alcohol (250 c.c.), aa'-dichloro­
dimethyl sulphide (6*55 grams) added, and the solution boiled under 
a  reflux for three hours; after filtering from sodium chloride and 
evaporating the filtrate, the residual syrup is distilled under reduced 
pressure through a short column. The major fraction distils at 
220—223°/15 mm. as a viscous syrup which does not crystallise in 
an  ice-salt mixture and constitutes the pure ethyl tetrahydrothiophen- 
3 : 3 : 4 :  k-tetracarboxylate (Found : C =  50*7; H  =  6*52; S =
8*68. C16H 240 8S requires 0  =  51*0; H  =  6*43; S =  8*52 per j
cent.). This ester is recovered unchanged after boiling for nine !
hours with 18 per cent, sulphuric acid or for seven hours with 7 per j
cent, aqueous alcoholic po tash ; it appears to be hydrolysed by !
prolonged boiling with 10 per cent, aqueous potash, but no tetra- \
hydrothiophen derivative could be separated from the product. j
aa '-Dichlorodiethyl Sulphide, S(CHC1*CH3)2.— 1. From a-trithio- j
ucetaldehyde and sulphur monochloride.—On adding sulphur mono- |
chloride (55*7 c.c.) to powdered a-trithioaeetaldehyde (96 grams), I
solution occurs and the liquid becomes warm ; on heating on the 
water-bath for ninety minutes, a little hydrogen chloride is evolved. 
On distillation under diminished pressure, a colourless fraction 
(39 grams) distils up to 75°/28 m m .; this is nearly pure aa'-dichloro­
diethyl sulphide and represents a yield of about 45 per cent, of 
th a t required by an equation of the form of th a t numbered (1). 
When this fraction has been taken off, the residue begins to  foam, 
and evolves hydrogen chloride and a volatile product which pos­
sesses a sickening stench and cannot be condensed. A second 
fraction (14 grams) comes over a t 75—110°/32 m m .; this is yellow j
in colour and fumes in the air. A final fraction (22 grams) is j 
obtained a t 110—115°/30 m m .; this is red and also fumes in the air.
A considerable tarry  residue is left in the distilling flask.
The first fraction, when redistilled through a Raschig column, 
gives the pure aa'-dichlorodiethyl sulphide as a colourless liquid 
boiling a t 54—56°/15 mm. (Found: 0  =  30*3; H  =  5*1; 01 =  
44*8. Calc., C =  30*2; H  =  5*1; Cl =  44*6 per cent.).
The yellow and red fractions, when redistilled through the column 
under diminished pressure, undergo considerable decomposition, 
leaving a tarry  residue which is violently oxidised by cold nitric
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acid; an individual product is obtained in quantity  a t 88—91°/14 
mm. and represents the diethylidene trisulphide described below.
2. From a-trithioacetdldehyde and sulphur dichloride.—On adding" 
sulphur dichloride (45*5 grams) to a-trithioacetaldehyde (40 grams), 
an almost colourless solution results and slowly evolves hydrogen 
chloride when heated on the water-bath. When it is distilled under 
diminished pressure, aa'-dichlorodiethyl sulphide (10 grams) and 
diethylidene trisulphide (4 grams) are obtained as in the reaction 
with sulphur monochloride; again, however, a large, viscous 
residue is left in the flask and decomposes profoundly on further 
heating. I t  will.be seen th a t the best yields of aa'-dichlorodiethyl 
sulphide and of diethylidene trisulphide result from the use of 
sulphur monochloride.
aa'-Dichlorodiethyl sulphide is a colourless liquid possessing an 
unpleasant musty odour and having no vesicant action on the 
skin; it boils a t 56—57°/16 mm., a t 66*5—67*5°/27 mm., and a t 
76—77°/41 mm., and has the density dlf  1*1992. These deter­
minations are in good accord with the constants given by Bales 
and Nickelson (loc. cit.). I t  is interesting to note th a t the isomeric 
|3p'-dichlorodiethyl sulphide has an appreciably greater density 
and higher boiling poin t; Gibson and Pope (T., 1920, 117, 276) 
give the density d\T 1*285, and the boiling point has been deter­
mined as 107-—108°/16 mm. The aa'-isomeride does not solidify 
on immersion in an ice-salt mixture, bu t forms a hard, crystalline 
mass when cooled in  a m ixture of solid carbon dioxide and e th er; 
it is less stable than  the (3(3'-isomeride and soon commences to 
evolve hydrogen chloride on exposure to the air, although i t  can 
be preserved indefinitely in a dry atmosphere. A ttem pts to 
prepare the corresponding sulphoxide were unsuccessful; the 
sulphide is oxidised vigorously by nitric acid, and a burst of flame 
results when it  is dropped into fuming nitric acid. Numerous 
attempts to moderate the oxidation of the compound by nitric 
acid merely yielded solutions from which oxalic acid was separable 
as the most im portant product.
Unlike its lower homologue, aa'-dichlorodiethyl sulphide could 
not be converted into a sulphilimine with chlorainine T, only p- 
toluenesulphonamide being produced during the reaction; further, 
no condensation product of the sulphide with ethyl ethanetetra- 
carboxylate could be obtained.
aa'-Diethoxydiethyl Sulphide, (OEt*CHMe)2S.—aa'-Dichlorodi- 
ethyl sulphide (19*5 grams) is added to a solution of sodium (5*6 
grams) in alcohol (250 c.c.) and the solution boiled for three hours; 
after separating the sodium chloride and evaporating off the alcohol, 
the residue is distilled under diminished pressure through a short
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column, aa '-Diethoxy diethyl sulphide is thus obtained in almost 
theoretical yield as a colourless liquid boiling a t 87—87*5°/21 mm. 
(Found : C =  53*9; H  =  10*4; S =  18*2. C8H 180 2S requires 
C =  53*9; H  =  10*2; S =  18*0 per cent.). The compound has 
bu t a faint odour, is vigorously oxidised by cold concentrated nitrie 
acid, and does not yield a sulphihmine with chloramine T.
Diethylidene Trisulphide, .—This substance, which
is formed during the action of the sulphur chlorides on a-trithlo- 
acetaldehyde, was obtained after repeated fractionation as a pale 
green liquid which does not fume in the air and boils a t 89—90°/ 
14 mm. (Found : C =  31*6; H  =  5*3; S =  62*6. C4H 8S3 requires 
C =  31*5; H  =  5*3; S =  63'2 per cent.). Cold concentrated 
nitric acid immediately oxidises the compound with liberation of 
sulphur, so th a t the grouping ISIS is probably p resen t; i t  inflames 
when dropped into fuming nitric acid. When diethylidene tri­
sulphide (2*2 grams) and methyl iodide (2-0 grams, 1 mol.) are 
mixed and the product is preserved in the dark for a week, it 
becomes almost black and develops an evil odour, whilst a crust 
of long needles is formed. The latter material, when separated 
and purified by crystallisation from alcohol, melts a t  126°, and is 
proved by analysis and mixed melting-point determinations to be 
- trithioacetaldehy de.
During the separation of aa'-dichlorodiethyl sulphide and di­
ethylidene trisulphide from the product of the action of sulphur 
monochloride upon a-trithioacetaldehyde, intermediate fractions 
containing the first two compounds named are obtained; when 
these are preserved for a fortnight, they become semi-solid owing 
to the crystallisation of (3-triihioacetaldehyde., This compound 
was identified by analysis and mixed melting-point determinations, 
and is formed by the interaction of aa'-dichlorodiethyl sulphide 
and diethylidene trisulphide.
Action of the Sulphur Chlorides on Thialdine and fi-Trithiobenz- 
aldehyde.—Sulphur monochloride acts violently upon thialdine, 
converting i t  into a black m ass; the reaction may be moderated 
by working in carbon tetrachloride solution and cooling in ice-water, 
when a reddish-black solid separates and hydrogen chloride is 
evolved. On distillation under diminished pressure, only carbon 
tetrachloride distils and a voluminous black residue is left. A 
similar result is obtained when the sulphur monochloride is replaced 
by the dichloride.
[3-Trithiobenzaldehyde dissolves in  sulphur monochloride and 
no hydrogen chloride is evolved on heating on the water-bath; 
distillation under diminished pressure gives merely a little sulphur
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monochloride and a very small amount of a purple oil. On sub­
stituting sulphur dichloride for the monochloride and warming, a 
little hydrogen chloride is evolved; on distillation under 21 mm. 
pressure, a small proportion of an oil is obtained which was found 
to consist largely of benzal chloride.
T h e  Ch e m i c a l  L a b o r a t o r y ,
U n i v e r s i t y  o e  C a m b r i d g e . [Received, A pril 4th, 1923.]
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CXXXIV.— The Isomeric Trithioacetaldehydes.
By Feedeeick Geoege Mann and William Jackson Pope. 
We have attem pted to prepare the hitherto unknown cyclic di­
ethylidene disulphide, by the action of silver sulphide
on alcoholic solutions of aa'-dichlorodiethyl sulphide; the reaction 
readily yields a white, crystalline substance melting a t 81° and 
having the empirical composition of diethylidene disulphide. On 
attempting to prepare the methiodide of this substance by trea t­
ment with methyl iodide, we obtained a compound which had the 
same empirical composition and melted a t 126°, and which we 
have identified with p-trithioacetaldehyde; molecular-weight 
determinations indicated th a t the compounds melting a t 81° and 
126° are isomeric. '
Marckwald obtained a crystalline compound of the composition 
(C2H4S)3, melting a t 76°, by boiling thialdine thiocyanate with 
water (Ber., 1886, 19, 1826), and showed later th a t this product, 
which he named y-trithioacetaldehyde, was converted into 
[3-trithioacetaldehyde by treatm ent with ethyl iodide (Ber., 1887, 
20, 2817); Poleck and Thummel (Ber., 1889, 22, 2871) found th a t 
hydrogen sulphide converts vinyl mercuric oxychloride into a 
compound melting a t  75—76°, which is apparently identical with 
y-trithioacetaldehyde.
The constitution MeHG<C^.^^ ^ ^>S is ordinarily assigned to
the trithioacetaldehydes and, as Baumann and Fromm have pointed 
out (Ber., 1891, 24,1419,1457), the existence of two stereoisomerides 
may be anticipated; they regard the a- and p-trithioacetaldehydes 
as possessing respectively the cis- and trans-configurations. The 
classification adopted by these authors provides no place for 
Marckwald’s y-trithioacetaldehyde, and they state th a t this la tter 
is actually only an impure preparation of a-trithioacetaldehyde, 
which melts a t 101°. The chief reason advanced by Baumann 
and Fromm for this conclusion is th a t their preparations of Marck-
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wald’s y-isomeride, which melted a t 71—77°, yielded pure 
a-trithioacetaldehyde, melting a t 101°, when crystallised from 
acetone.
The product melting a t 81°, which we have obtained, is un­
doubtedly isomeric with p -trithioacetaldehyde, into which it is 
converted by treatm ent with methyl iodide; we presume it  to be 
a pure preparation of Marckwald’s y-trithioacetaldehyde, and we 
conclude th a t Baumann and Fromm were mistaken in disputing 
the existence of the third or y-isomeride. That our compound is 
pure is shown by the fact th a t we obtain i t  of the same melting 
point, 81°, by four methods, namely, by the action of silver oxide, 
sodium hydroxide, silver sulphide, and hydrogen sulphide on 
aa'-dichlorodiethyl sulphide, and th a t i t  sublimes without change 
in melting point. I t  should be noted further th a t the melting 
point of our preparations of y-trithioacetaldehyde is not affected by 
recrystallisation from acetone.
I t  has been shown (this vol., p. 1177) th a t diethylidene trisulphide 
is converted into (3-trithioacetaldehyde when treated with methyl 
iodide. The loss of sulphur which attends this conversion is hot 
entirely without precedent, for B ay has shown (T., 1922, 121, 
1279) th a t triethylene tetrasulphide on treatm ent with ethyl 
iodide, mercuric chloride, or platinic chloride yields derivatives of 
triethylene trisulphide. Our diethylidene trisulphide is probably 
identical with an oil obtained by Klinger (Ber., 1878, 11, 1025) on 
treating monomolecular thioaeetaldehyde with water and to which 
he assigned the composition 8C2H4S,H2S ; Klinger found that 
addition of a drop of acetaldehyde converted the oil into a-tri­
thioacetaldehyde, whilst solution in sulphuric acid and precipitation 
by water yielded (3-trithioacetaldehyde and sulphur. Suyver 
showed (Bee. trav. chim., 1905, [ii], 24,377) th a t a-trithioacetaldehyde 
is partially converted into the (3-isomeride by treatm ent with ethyl 
iodide and other reagents.
E x p e r i m e n t a l .
Preparation of y-Trithioacetaldehyde.—1. B y the action of silver 
-sulphide on aa'-dichlorodiethyl sulphide. A solution of aa'-dichloro­
diethyl sulphide (17‘0 grams) in alcohol (20 c.c.) is slowly added to 
an  excess of precipitated silver sulphide (3T0 grams) suspended 
in  alcohol (75 c.c.) and maintained a t  0°. After standing for fifteen 
minutes, the solution is boiled for five hours under a reflux and 
then filtered hot, the precipitate being washed with a little hot 
alcohol. Warm water (10 c.c.) is added to the filtrate, which on 
cooling deposits the trithioaldehyde as a white, crystalline powder; 
a  further deposit is obtained by pouring the filtrate from this into
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twice its volume of ice-water. The crude product (8-0 grams), 
assuming th a t three molecules of the chlorinated ethyl sulphide 
give two of the trithioacetaldehyde, represents a yield of about 
60 per cent, of the theoretical.
The crude product is recrystallised from hot 85 per cent, alcohol 
a n d  then, to  remove traces of occluded silver compounds, from 
light petroleum (b. p. 40—60°); on spontaneous evaporation of 
the solvent, y-trithioacetaldehyde is deposited in  small, white 
crystals melting a t 80°. A very small proportion of the p-isomeride 
crystallises a t the same time in  long needles melting a t 124— 
125°. .
2. By the action of hydrogen sulphide on aa'-dichlorodiethyl sulphide. 
A purer product is more readily prepared by passing dry hydrogen 
sulphide through a solution of aa'-dichlorodiethyl sulphide in  twice 
its volume of alcohol; no change is apparent, bu t after standing 
over-night the solution becomes a semi-solid crystalline mass. On 
filtering and washing with a little alcohol, y-trithioacetaldehyde is 
obtained in small, white crystals melting a t 81° (Found : C =  40*3; 
H =  6-78; S =  53-6 ; M , by cryoscopic method in benzene, 
=  171, 172. C6H 12S3 requires C =  40'0; H  =  6’71 ; S =  53-3 
per cent.; M  — 180). A m ixture of this preparation with th a t 
made by the silver sulphide method melted a t 80‘5°.
• 3. By the action of silver oxide on aa'-dichlorodiethyl sulphide. Dry 
silver oxide reacts vigorously with a cold alcoholic solution of 
aa'-dichlorodiethyl sulphide, heat being evolved and a smell of acet- 
aldehyde becoming apparent, whilst y-trithioacetaldehyde is 
produced. The reaction m ay be moderated by adding aa'-di­
chlorodiethyl sulphide (6-7 grams), dissolved in  alcohol (20 c.c.), 
to a suspension of silver oxide (9’7 grams) in  alcohol (25 c.c.) main­
tained a t 0° for half an hour. After boiling for four hours under 
a reflux and filtering, cooling, and diluting as above described, 
y-trithioacetaldehyde (1 '85 grams) is obtained and this, after 
recrystallisation, melts a t  80°; this melting point is unchanged 
when the product is mixed with a little of the substance prepared 
by the silver sulphide method.
Since no evidence of the formation of the stable dimethyl-1 : 3- 
thioxan (Marckwald, loc. cit.) boiling a t 166— 168° could be obtained, 
and since acetaldehyde was found in the first runnings obtained by 
distilling the alcoholic mother-liquors from the preparation, it  
seems th a t the action of silver oxide on aa'-dichlorodiethyl sulphide 
is expressed by the equation
3S(C2H4C1)2 +  3Ag20  =  (C2H4S)3 +  3CH3-CHO +  6AgCl.
The yields obtained are about 70 per cent, of those required by this 
equation.
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4. B y the action of sodium hydroxide on aa'-dichlorodiethyl sulphide. 
When aa'-dichlorodiethyl sulphide is boiled for some time with 
sodium hydroxide (2 mols.) in aqueous solution and the liquid 
cooled, a heavy, semi-solid oil separates; this latter, when drained 
on a plate and crystallised from 85 per cent, alcohol, yields pure 
y-trithioacetaldehyde melting a t  81°. The action of sodium 
hydroxide is thus similar to th a t of silver oxide.
y-Trithioacetaldehyde has a fain t unpleasant odour—not an 
extremely strong one as described by Marckwald—which is much 
less noticeable than  th a t of diethylene disulphide. I t  dissolves 
readily in all common organic solvents and crystallises best from 
85 per cent, alcohol; i t  sublimes readily a t 100°, yielding long 
needles melting a t 81°. Its  melting point is unchanged on crystal­
lisation from, or by one hour’s boiling with, acetone, so that 
Baum ann and Fromm’s statem ent th a t i t  gives the a-isomeride 
on such treatm ent is incorrect.
Conversion of y- into [3-Trithioacetaldehyde.—y-Trithioacetaldehyde 
dissolves when heated a t 30° with three molecular proportions of 
m ethyl iodide, and the solution, after several days’ standing, 
deposits a mass of felted needles; these on recrystallisation from 
hot alcohol melt a t 126° (Found : C =  40’2 ; H  =  6*77; S =  53*0; 
M , by cryoscopic method in benzene, =  168, 171. Calc, for 
C6H 12S3, C =  40-0; H  =  6*71; S =  533 per cent.; M  =  180). 
This substance does not depress the melting point of {3-trithio­
acetaldehyde prepared by the method of Baumann and Fromm 
(Ber., 1889, 22, 2600); no doubt can therefore exist concerning 
the identity  of the two products.
T h e  C h e m i c a l  L a b o r a t o r y ,
U n i v e r s i t y  o r  C a m b r i d g e .  [Received, A pril Ath, 1923.]
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CIX.— The Optically Active Sulphilimines.
By Frederick George Mann and William Jackson Pope.
W e have previously shown (J., 1922, 121, 1052) th a t the con­
densation of chloramine T with dialkyl sulphides, first observed 
by Paper, yields sulphilimines of the type CeH4Me*S02*NISXY in 
accordance with a general reaction. The sulphilimines might be 
expected to exist in enantiomorphously related forms owing to the  
operation of a trihedral disposition of the three valency directions 
of the doubly-linked nitrogen atom. The space arrangement 
involved should be similar to th a t which exists in the c?/c£ohexylene 
dithiocarbonate 2 -pyridylhydrazone, recently resolved by Mills and 
Schindler (J., 1923, 123, 312). The element of constitution which 
gives rise to the enantiomorphism is, in the la tter compound, the 
group ]>C!N~, and in the sulphilimine, the group ^>S!N- ; the  
carbon atom present in the former is thus replaced in the sulphil­
imine by a quadrivalent sulphur atom, the valency directions of 
which Pope and Peachey have shown (J., 1900, 77, 1072) to  be 
disposed in three-dimensional space. The problem here involved 
bears upon the question as to whether the four valency units of 
the quadrivalent sulphur are all comparable with those of the 
carbon atom pr whether one is co-ordinated, as indicated by W erner 
(“ Lehrbuch der Stereochemie,” 1904, p. 316).
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T h e  s u l p h i l i m i n e s  p r e v i o u s l y  i n v e s t i g a t e d  w e r e  n o t  a d a p t e d  to  
t h e  s t u d y  o f  s t e r e o c h e m i c a l  r e l a t i o n s h i p s  a n d  w e  h a v e  a t t e m p t e d  
t o  o b t a i n  e v i d e n c e  o f  t h e  a n t i c i p a t e d  e n a n t i o m o r p h i s m  b y  c o n ­
d e n s i n g  a n  o p t i c a l l y  a c t i v e  a n a l o g u e  o f  c h l o r a m i n e  T w i t h  a  m i x e d  
a l k y l  s u l p h i d e .  We a t t e m p t e d  t o  p r e p a r e  s o d i u m  d - a - b r o m o -  
c a m p h o r - 7 r - s u l p h o n c h l o r o a m i d e  w i t h  a  v i e w  t o  o b t a i n i n g  tw o  
• c o m p o u n d s ,  w h i c h  m a y  b e  d e s c r i b e d  a s  d-C, d-S a n d  d-C, I-S, 
b y  i t s  c o n d e n s a t i o n  w i t h  m e t h y l  e t h y l  s u l p h i d e ,  b u t  n o  c r y s t a l l i n e  
s o d i u m  o r  p o t a s s i u m  d e r i v a t i v e  c o u l d  b e  i s o l a t e d .
A t t e m p t s  w e r e  n e x t  m a d e  t o  p r e p a r e  d i e t h y l s u l p h i n e - d - a - b r o m o -  
i C a m p h o r - 'T C - s u lp h o n y l im in e  b y  t r e a t i n g  d - a - b r o m o c a m p h o r - 7 t - s u l -  
p h o n d i c h l o r o a m i d e  w i t h  e t h y l  s u l p h i d e  i n  a l c o h o l i c  p o t a s h  s o l u t i o n ; 
t h i s  r e a c t i o n  y i e l d e d  o n l y  d - a - b r o m o c a m p h o r - 7 r - s i i l p h o n a m i d e  a n d  
■ th e  p r e v i o u s l y  u n k n o w n  d-v/'Chloro-oc-bromocamphor-iz-sidphonamide. 
X a p w o r t h  h a s  s h o w n  (J., 1899, 75, 558) t h a t ,  o n  b r o m i n a t i o n ,  
a m m o n i u m  d - a - b r o m o c a m p h o r - T C - s u l p h o n a t e  g i v e s  a n  a a ' - d i b r o m o -  
■ d e r i v a t i v e  w h i c h  y i e l d s  d - a a ' - d i b r o m o c a m p h o r - 7 r - s u l p h o n a m i d e  b y  
t h e  u s u a l  t r e a t m e n t ; w e  t h e r e f o r e  b r o m i n a t e d  a m m o n i u m  d - a - c h l o r o -  
c a m p h o r - r t r - s u l p h o n a t e  i n  a  s i m i l a r  m a n n e r  a n d  c o n v e r t e d  t h e  
: d - a - c h l o r o - a ' - b r o m o c a m p h o r - 7 r - s u l p h o n i c  a c i d  i n t o  t h e  c o r r e s p o n d i n g  
s u l p h o n a m i d e . T h e  a a ' -  a n d  a 'a - b r o m o c h l o r o c a m p h o r s u l p h o n -  
a m i d e s  t h u s  o b t a i n e d  h a v e  t h e  s a m e  m e l t i n g  o r  d e c o m p o s i t i o n  
p o i n t  a n d  i n  o t h e r  r e s p e c t s  r e s e m b l e  e a c h  o t h e r  v e r y  c l o s e l y ; t h e y  
■ d iffe r  m a r k e d l y ,  h o w e v e r ,  i n  r o t a t o r y  p o w e r s  a n d  r o t a t o r y  d i s ­
p e r s i o n s  a n d  t h e r e f o r e  m u s t  b e  r e g a r d e d  a s  d e f i n i t e  i s o m e r i d e s .  
'L o w r y  a n d  S t e e l e  h a v e  s h o w n  (J\, 1915, 107, 1387) t h a t  t h e  a -  a n d  
c d - p o s i t i o n s  i n  t h e  c a m p h o r  m o l e c u l e  a r e  m e r e l y  s t e r e o i s o m e r i c ,  
a n d  t h e  p r e s e n t  r e s u l t s  a c c o r d  w i t h  t h i s  c o n c l u s i o n ;  t h e y  f o u n d ,  
h o w e v e r ,  t h a t  b o t h  a -  a n d  a ' - c h l o r o c a m p h o r  y i e l d  t h e  s a m e  
i s o m o r p h o u s  m i x t u r e  o f  a a ' -  a n d  a ' a - c h l o r o b r o m o c a m p h o r  o n  
b r o m i n a t i o n ,  b u t  t h i s  d o e s  n o t  s e e m  t o  b e  t h e  c a s e  i n  t h e  n e w  
i n s t a n c e  n o w  g i v e n .  ;
I t  can scarcely be doubted th a t chloramine T is a derivative of 
the isochloroamide of the constitution C6H4Me*S 0  (ONa) !ISTCl, and 
it  now appears th a t the formation of the isochloroamide is pre­
vented by the replacement of the aromatic tolyl radical by the 
camphor nucleus; this is in agreement with the results of Clutter- 
buck and Cohen (J., 1922,121, 120; 1923, 123, 2507), according to 
which alkylsulphonamides do not react with sodium hypochlorite. 
Further attem pts to prepare the desired sulphilimines in the 
manner described above vnre therefore abandoned. ■
An alternative method for preparing an optically active sulphil- 
imine proved successful. Sodium ethyl sulphide condenses with 
d-chloromethvlenecamphor, yielding ethylthiolmethylene-d.-campTiori
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EtS*CH!C10H 14O, which readily reacts with chloramine T to 
give d-camphorylidenemethylethylsulphine-p-toluenesulphonylimine, 
OioH^O.'CH'SEt.’N'SOa'Cg^M e, as a white, crystalline solid. The 
corresponding sulphide and sulphilimine from 7-camphor were also 
prepared and proved to  have the same rotation constants within 
experimental limits.
The optically active sulphilimines thus prepared furnished no 
indication of stereoisomerism of the type d-C, d-S and d-C, I-S 
referred to above, and therefore other methods for realising 
instances of this type of isomerism are now being investigated. 
It will be noted th a t isomerism of the cis-trans type is possible in 
the optically active sulphide and sulphilimine; this was not detected 
in the sulphide, as might have been anticipated from the observ­
ation of Rupe, Seiberth, and Kussmaul (Helv. Chim. Acta, 1920, 
3, 50) that the a-form of aminoethylenecamphor and similar sub­
stances is quantitatively converted into the (3-form by distillation 
under reduced pressure. The sulphilimine was also obtained in 
but one form, since the m aterial from . different preparations 
retained the same and a constant melting point during repeated 
crystallisations.
■ . E x p e r i m e n t a l . 
d-ct-Bromocamphor-n-sulphondiehlorodmide, C10H 14OBr*SO2*NCl2. 
—d-a-Bromocamphor-7i:-sulphonamide (3-0 grams) is dissolved in 
33 c.c. of 6-5 per cent, sodium hypochlorite solution (3 m ols.); 
after 10 minutes, the solution is diluted to 300 c.c. and 5 per cent, 
acetic acid carefully added until precipitation is complete. The 
product is washed w ith-w ater, its solution in dry chloroform, 
evaporated a t 30°, and the white residue washed with a little- 
petroleum and ether. d-Bromocamphor-rc-sulphondichloroamide is. 
thus obtained in almost theoretical yield as a white powder, 
melting when freshly prepared a t 123— 125° without apparent 
decomposition (Found : C =  32-0; H  =  3-69; N  =  3-51; 2C1 -f 
Br =  40-3; S =  8-51. C10H 14O3NCl2BrS requires C =  31*7; EE =* 
3*72; N =  3-69; 2C1 +  Br =  39*8; S =  8-46 per cent.). The 
dichloroamide slowly evolves chlorine on standing and the melting 
point falls to 110— 120°, bu t i t  can be preserved for some tim e 
over phosphorus pentoxide without appreciable decomposition; it 
is insoluble in petroleum, very soluble in chloroform, benzene, or 
acetone, and moderately soluble in ether or alcohol, but when 
warmed with the latter solvent vigorous evolution of chlorine occurs. 
The rotations are given in the table on p. 918. r
&-<x-Bromocamphor-Tz-sulpho?iethylchloroamide was prepared for 
comparison with the above dichloroamide. On shaking ethyl - 
amine. (120 c.c. of 33 per cent, aqueous solution) with powdered
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d-oc-bromocamplior-Tc-sulphonyl chloride (25 grams) a warm clear 
solution was obtained; after 24 hours, the solution was heated in 
a  basin a t 40° for 1 hour and the heavy oil which separated was 
washed with water and dried. This crude sulphonethylamide became 
alm ost solid in a desiccator, bu t could not be recrystallised, and 
was therefore chlorinated without further purification. Its  solution 
in  chloroform was shaken with an excess of N /10-sodium hypochlorite 
to  which a solution of potassium hydrogen carbonate had been 
added; the chloroform was then separated, treated  again with 
hypochlorite solution, and then dried and evaporated a t  30° in a 
current of air. An oily residue was obtained which crystallised 
on treatm ent with petroleum and could then be recrystallised 
from  alcohol. This operation had to  be conducted rapidly with 
quantities of not more than  1 gram of the substance, for the treat­
m ent of larger quantities caused vigorous evolution of chlorine 
with the decomposition of the sulphonethylchloroamide. The 
operation clearly shows the greater stability of the ethylchloro- 
amide compared with th a t of the dichloroamide, which cannot be 
crystallised from alcohol. d-u-Bromocamphor-Ts-sutyyhonethylchloro- 
amide was thus obtained in small, white crystals melting a t  122— 
124° with effervescence (Found : C =  3 9 T ; H  =  5-24; Cl +  Br == 
30-40; S =  8*80. C12H la0 3HClBrS requires C =  38-7; H  =  5-14; 
Cl +  Br =  30-9; S == 8-61 per cent.). L ittle chlorine is evolved 
if the compound is kept over phosphorus pentoxide a t  atmospheric 
pressure. The rotations are given in the table on p. 918.
Action of Potassium Hydroxide on the Dichloroamide.—A 15 per 
cent, aqueous solution (6 c.c.) of potassium hydroxide was added 
to  2-0 grams of the powdered dichloroamide, and a clear solution 
obtained by warming a t 60°; no solid product separated on cooling 
to 0°, or on adding saturated potassium chloride solution, b u t 50 c.c. 
of saturated aqueous potassium carbonate added to  the original 
solution threw out a heavy oil. This was extracted with acetone, 
and the extract dried over potassium carbonate and filtered; 
gentle evaporation left a pale brown, viscous resin, which became 
brittle  over phosphorus pentoxide, bu t again became viscous on 
exposure to air. This resin is very soluble in water or alcohol, 
bu t is insoluble in most organic solvents and could not be further 
purified; in order to ascertain whether it  contained any potassium 
sulphomsochloroamide capable of condensing with alkyl sulphides,
1 gram was dissolved in 5 c.c. of alcohol and 0-3 c.c. of ethyl sulphide 
added. Ho immediate reaction occurred and the solution was 
therefore boiled under a  reflux for 1 hour, during which potassium 
chloride separated, and was then poured into water and shaken 
with chloroform. A small amount of white solid insoluble in both
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liquids separated; this when dry  weighed 0-2 gram, melted a t  221°, 
and proved to be the d-a'-chloro-a-bromocamphorsulphonamide 
described later. The chloroform extract contained the normal 
sulplionamide (0-5 gram), bu t no trace of the required sulphilimine 
could be detected.
Many experiments were carried out to  ascertain whether an 
alkaline solution of the dichloroamide when treated with ethyl 
sulphide would yield the sulphilimine. Although the concen­
tration and amount of alkali, and the proportion of alcohol and of 
ethyl sulphide were varied over wide ranges, no sulphilimine could 
be isolated. The following experiment is typical of the results 
obtained. d-a-Bromoeamphor-Tj-sulphondichloroamide (3 grams) 
was added to  15 per cent, aqueous potassium hydroxide solution 
(5-8 c.c.) and a clear solution obtained by warming a t 60°; this 
was cooled and alcohol (20 c.c.) and ethyl sulphide (0-9 c.c.) added. 
After boiling under a reflux for 1 hour and cooling, potassium 
chloride separated; the solution was poured into 120 c.c. of water 
and shaken with 30 c.c. of chloroform. After standing for 1 hour, 
the mixed solution was filtered, and the white, insoluble residue 
(0-55 gram) dried. The latter, on recrystallisation from 30 per 
cent, alcohol, gave d-a'-chloro-a-bromocamphor-iz-sulphonamide as 
minute, colourless needles, m. p. 231° (decomp.) (Found : C == 34*9; 
H =  4-51; Cl +  Br =  33-5; S — 9*40. C10H 15O3lSlClBrS requires 
C =  34-8; 11 =  4-39; Cl +  Br =  33-5; & =  9-31 per cent.).
Nothing but a-bromocamphor-K-sulphonamide (1*5 grams) could 
be isolated from the chloroform extract.
d-tt-Cliloro-oc-bromocamphor-K-sulphonamide,
C10H 13OClBr-SO2-NH2.
—This compound may be prepared as above without the addition 
of ethyl sulphide, and the highest yields are obtained when only 
one equivalent of alkali is used. I t  may be conveniently prepared 
by boiling the dichloroamide (5 grams), dissolved in 15 per cent, 
aqueous potassium hydroxide (5-5 c.c.), and alcohol (35 c.c.) for 
|  hour under reflux; after cooling, the sulphonamide is removed by 
pouring the solution into water (200 c.c.) and shaking with chloro­
form (30 c.c.). The solid residue (2-6 .grams) is fairly pure 
d-a'-chloro-a-bromocamphor-Tc-sulphonamide; i t  crystallises well 
from 30 per cent, alcohol, and is thus obtained in colourless needles 
which darken a t 225° and melt with decomposition a t 232° (corr.). 
It is noteworthy th a t Lapworth (loc. cit.) found th a t the corre­
sponding aa'-dibromocamphorsulphonamide melted with charring 
at 238°. The chlorobromosulphonamide is almost insoluble in hot 
or cold chloroform, benzene, ether, or petroleum, but is easily 
soluble in acetone or alcohol: i t  dissolves readily in sodium hydr-
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oxide, and is reprecipitated by the addition of acids. That the 
compound has the constitution now assigned and is not the isomeric 
a-bromocamphorsulphonmonochloroamide is shown by its stability
• to hot water and alkalis, and by the fact th a t the addition of 
potassium iodide to its solution in warm acetic acid causes no 
separation of iodine, whilst considerable addition of potassium 
iodide merely reprecipitates the unchanged sulphonamide. Its 
constitution is, however, placed beyond doubt by the preparation 
of d-a-chloro-a'-bromocamphor-w-sulphonamide, which differs from 
the a'-chloro-a-bromoisomeride only in rotation constants.
d-a-Ghloro-a-bromocamphor-n-sulphonamide,
C10H 13OClBr-SO2-NH2.
■—This compound was prepared by the method used by Lapworth 
(loo. cit.) in making the corresponding aa'-dibromo-Tr-sulphonamide. 
Powdered ammonium d-a-chlorocamphor-7u-sulphonate (8-5 grams), 
water (25 c.c.), and a thin-walled glass bulb containing bromine 
(4-9 grams) were sealed in a stout glass tu b e ; the bulb was then 
broken and the tube heated a t 110° for 6 hours. The clear solution 
was evaporated to dryness and the residue tritu ra ted  directly with 
phosphorus pentachloride (13-0 grams). The product was then 
further ground with ice and after filtering, the crude sulphonyl 
chloride (5-0 grams) remained as a pale brown solid, which was 
dried and recrystallised from acetone; the pure d-a.-chloro-u -bromo-
• camphor-'K-sidphonyl chloride was thus obtained in colourless crystals 
melting a t 194—197° (corr.) with effervescence (Found : C =  33-1; 
H  =  3-64; 2C1 +  Br =  41-33. C10H 13O3Cl2BrS requires C =  33-0; 
H  =  3-60; 2C1 +  Br =  41-44 per cent.). The rotations are given 
in the table on p. 918.
The finely powdered sulphonyl chloride was . shaken with an 
excess of 0-880 ammonia solution for 2 days, the liquid then 
exposed to the air until the ammonia had evaporated, and the 
powdered residue purified by vigorous shaking with a small quantity 
of water and chloroform; the insoluble portion, on recrystallisation 
from dilute alcohol, yielded d-u.-chloro-a.'-bromocamphor-7:-sidphon- 
amide as colourless needles which darkened a t 224° and decom­
posed a t 232° (corr.) (Found : C =  34-7; H  =  4-60; Cl +  Br =  
33-34. C10H 15O3NClBrS requires C =  34-8; H  =  4-39; Cl +  
Br =  33-48 per cent.).
The determinations of the rotatory dispersions of the two sulphon- 
amides were made w ith . specimens which had been recrystallised, 
five times from 30 per cent, alcohol, and which then possessed 
constant melting points. I t  will be seen from the table (p. 918)' 
th a t the a'-chloro-oc-bromo-Tt-sulphonamide shows a markedly lower 
rotation than  the a-chloro-a'-bromo-isomeride. Corresponding
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differences were found with more concentrated solutions of the 
tw o  sulphonamides.
Ethylthiolmethylene-d-camphor,C10l i u Q'.GH-'B'Et.—d-Chloromethyl- 
enecamphor was prepared by the method of Bishop, Claisen, and 
Sinclair (Annalen, 1894, 281, 361) as modified by Pope and Read 
(J., 1914, 105, 245). Sodium wire (4-0 grams) was added to dry 
ether (200 c.c.) and ethyl m ercaptan added in 30 per cent, excess 
(16-8 c.c.) to facilitate the dissolution of the metal. After two 
hours’ gentle boiling under reflux, a solution of d-chloromethylene- 
eamphor (34-5 grams) in ether (50 c.c.) was added, the product 
being meanwhile chilled to prevent violent ebullition. After 
2 hours’ further boiling, the solution was cooled and filtered, the 
ether distilled off, and the residue fractionated under reduced 
pressure through a short column, ethyUhiolmetkylene-d-camphor 
being finally obtained as a pale green, highly refractive, oily liquid. 
It possesses only a faint odour, boils a t 169— 171°/17 mm., has 
1-0362, and does not solidify a t  — 15° (Found : C =  69-3; 
H = 8 -9 2 ; S =  14-3. C13H 20OS requires 0  =  69-6; H  =  8-99; 
S =  14-3 per cent.).
Ethylthiolmethylene-l-camphor was prepared in the same way 
. from Z-chloromethylenecamphor. as a liquid boiling a t 168—169°/16 
mm., and having d£<r-1-0357 (Found : 0  =  69-4; H  =  8-94 per cent.); 
it is identical with the d-sulphide in appearance and odour, 
d-CamphorylidenemetJiylethylsulpMne-p-toluenesulphonylimine, 
C10H 14O:CH-SEt:N-SO2-C7H 7.
—An aqueous solution (100 c.c.) of hydrated chloramine T (16 grams) 
at 60° is added to ethylthiolmethylene-cZ-camphor (12-3 grams) 
dissolved in boiling alcohol (100 c.c.), and the mixture shaken until 
cold, when the product,- containing much solid sulphilimine, is 
poured into cold water (700 c.c.); on filtering and drying, the 
crude sulphilimine (21-1 grams) is obtained in practically theoretical 
yield. On diluting its solution in boiling alcohol with one-third 
of its volume of ether and cooling, the pure sulphilimine separates 
as a fine pov/der, melting a t  172° with effervescence (Found : 
C =  61-0; H  =  6-91; N- =  3-53*; S =  16-5. C20H 27O3]STS2 re­
quires C =  61-0: H  =  6-92; N  =  3-56; S =  16-3 per cent.).
d-Gamphorylidenemethylethylsitlphine-'p-toluenesulpJionylimine is
freely soluble in acetone or chloroform, slightly soluble in cold 
alcohol or benzene, and almost insoluble in ether.
* In estimating nitrogen by  D um as’s method, the  copper oxide m ust be 
mixed with cuprous chloride, otherwise high results are obtained (e.g., 
N =  5-10; 5-27 per cen t.); th is happens w ith m any compounds containing 
two methyl groups joined to  a common carbon atom  (D unstan and Carr, 
P-, 1896, 12, 48; Haas, J ., 1906, 89, 570).
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The corresponding l-sulphilimine was obtained in the same way 
from the Z-sulphide also as a fine, white powder melting a t 172° 
with effervescence (Found : C =  60-8; H  =  6-89 per cent.).
Table of Rotations.
The stated weight of the compound was diluted to 50 c.c. with 
{a) chloroform or (6) acetone, and the rotation observed in a 2-dcm. 
or 6-dcm. tube a t 20°.
Wave
length.
6362
5780
5461
4358
6362
5791
5780
5461
4811
cZ-a-B rom o camphor-7r- 
sulphondichloroamide.* 
5-4358 grams, (a). 2-dcm.
a.. [a]. [M],
+  17-58° +80-85° +306-5“ 
22-86 105-1 398-6
27-17 125-0 473-7
62-18 286-0 1084
d-a'-Chloro-a-bromocam- 
phor-7r-sulphonamide.t 
1-5513 grams. (5). 6-dcm. 
+9-07 +48-7 +168
12-39 66-56 229-4
d-a-Bromocamphor-7r- 
sulphonethylchloroamide. f 
7-1435 grams, (a). 2-dcm.
d-a-Chloro-a'-bromocam- 
phor-7r-sulphonyl chloride. 
2-9760 grams, (b). 2-dcm.
+24-26c
31-57
37-25
81-87
[a].
+84-90
110-5
130-4
286-5
[Ml.
+316-4°
411-8
485-8
1068
+8-23'
11-11
13-55
36-28
M.
+69-0°
93-32
113-8
304-8
[M].
+252°
. 339-7 
414-3 
1109
<+a-Chloro-a'-bromocam- 
phor-7r-sulphonamide. § 
1-5246 grams. (6). 6-dcm. 
+10-26 +56-08 +193-3
Ethylthiolmethylene-
d-camphor.
3-815 grams, (a). 6-dcm. 
+  108-76 +237-59 +  532-86
15-17
25-72
81-49
138-2
280-8
476-2
14-05
17-23
46-66
76-79
94-17
255-1
264-7
324-5
879-1
140-63
165-34
243-95
307-16 688-94 
361-15 810-01 
532-85 1195-1
6362
5780
5461
4811
4358
Ethylthiolmethylene-
Z-camphor.
3-733 grams, (a). 6-dcm. 
-105-59 -235-67 -528-61 
136-78 305-32 684-80
160-75 358-82 804-79
237-23 529-59 1187-8
d-Camphorylidenemethyl-
ethylsulphine-p-toluene-
sulphonylimine.
3-7307 grams, (a). 6-dcm. 
+  34-54 +77-14 +303-5 
44-95 100-4 395-0
53-09 118-6 466-6
Z-Camphorylidene- 
methylethylsulphine- 
p-toluenesulphonylimine. 
3-7923 grams, (a). 6-dcm. 
-35-32 -77-61 -305-4
45-97 101-0 397-5
54-30 119-3 469-5
— — 122-35 273-3 1075 124-6 273-8 1077
. * -^resh ly  prepared . In  sp ite  o f th e  u n sta b le  n a tu re  o f th e  so lu te , the 
in it ia l read in g  w as co n sta n t th rou gh ou t th e  d eterm in ation .
t  N o  a ltera tio n  in  th e  ro ta tio n  occurred  d uring th e  d eterm in ation s.
+ sPecim en  ^ e d  d arkened  a t  225° an d  m elted  a t  232° (decom p.).
§ T h e sp ec im en  u sed  d arkened  a t  224° an d  m elted  a t  232° (decom p.).
I t  will thus be seen from the table th a t the introduction of the 
p-toluenesulphonamido-grouping into the sulphide molecule results 
in a considerable diminution in the specific and molecular rotatory 
powers.
The authors thanks are due to  Mr. E. M. Richards, B.Sc., for 
all the optical measurements detailed in this-paper.
T h e  U n iv e r s it y , Ca m b r id g e . [Received,  F e bru ary  Is i, 1924.]
P r in t e d  i n  G r e a t  B r it a in  b y  R ic h a r d  C l a y  & S o n s , L im it e d ,
BUNGAY* S U FFO L K .
I N S T I T U T  DE F R A N C E .
ACADEMIE D ES SCIENCES.
Extrait des Comptes rendus des seances de V Academie des Sciences, , 
t. 1.78, p. 2o85 (seance du 1 6  juin 1 9 2 4 ).
C HIM IE  O R G A N IQ U E . — Le triam i nopropane 1 . 2 . 3. Sa preparation; fo rm a­
tion de complexes metalligues derives. Note de Sir \V. J .  P o p e  et 
. M. F . G. M a n n . :
D’apres la theorie feconde de Werner sur la configuration des complexes 
metalliques, tels que le chlorure de cobaltihexammine [Co(NH3)6] CP, 
leS six groupes ammonies se trouvent aux six sommets d’un octaedre 
regulier dont Fatonie de cobalt occupe le centre. Cette theorie a trouve 
un appui solide dans Fetude de composes, du meme type, mais dans 
lesquels les six groupements ammonies sont remplaces paf 3mo1 d’une 
diamine simple. Ainsi elle indique qu’un compose dans lequel 3mo1 
d’ethylenediamine remplacent les six groupes ammonies, par /exemple 
[Co(NH2CH2CH2NH2)3]C13, doit etre dedoublable en deux antipodes 
optiques; cette prevision a ete verifiee experimentalement, et Ton peut 
dire, en fait, que toutes les consequences stereochimiques de la theorie 
, ont re$u de Fexperience une confirmation eclatante.
Une nouvelle etape dans le developpement de la theorie de Werner 
consisterait a remplacer les 6mo1 d’ammoniaque du chlorure de 6obal- 
tihexammine par 2mo1 d’une triamine et a etudier les resultats stereochi­
miques d’une telle substitution.
Mais ici une difficulte se presente : les triamines aliphatiques ne sont pas 
d’une obtention facil^. Ceci nous a conduits a etudier la formation du tria- 
minopropane 1.2.3, en vue d’etablir une methode de preparation simple 
et avantageuse. '
' -  A  ?  ■■■ ( 2 ^ ■■■. '■
Cette triamine a ete preparee par Curtius et Hesse ( 1), mais leurprocede 
est d’execution laborieuse et dangereuse; il consiste, nous le rappelons, 
dans la transformation du tricarballylate triethylique successivement en 
triazide tricarballylique, triethylurethane de la glycerine, et enfin tria- 
minepropane 1.2.3 .
Nous avons etudie en detail une methode nouvelle, tres pratique, qui 
conduit au but par les e tapes su'ivantes :
Acide citrique, acide acetone dicarbonique, diisonitrosoacetone, diami- 
noacetone, diacetyldiaminoacetoxime, triaminopropane i . 2 .3 . Le rende- 
ment de chacune des transformations est satisfaisant, et nous avons pu 
obtenirpar ce procede des quantites considerables de chlorhydrate de cette 
triamine. A l'aide de la base ainsi obtenue, nous avons prepare les complexes 
metalliques suivants :
Chlorure de cobaltibitriaminopropane
/ [Co (NH2C1PCI1 (Nil-) .  ClI2INI 1-)2] Cl:s,
Chlorure de rhodibitriaminopropane -
[ R h ( N H 2CH2C H ( N H 2). CH2NH2) 2] Cl3, ; ?
et un certain nombre de leurs derives.
L’etude stereochimique de ce nouveau type de complexes metallique est 
en cours.
O  J . p r .  Ch.,  t. 62, 1900, p. 232.
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The co-ordination theory of Werner (‘ Ann.,’ vol. 322, p. 261 (1902)) has 
led to a great advance in our knowledge of complex metallic compounds ; 
as applied to such compounds as hexamminocobaltic chloride [Co(NH3)6]C13. 
it involves the assumption th a t the six component ammonia groups are situate 
a t the apices of a regular octahedron of which the cobalt atom  occupies the 
centre, and th a t the complex so constituted—the co-ordinated group—acts 
as a tribasic ion which combines as a whole with three equivalents of an acidic 
radicle. For the purpose of discussing the possibilities of geometrical arrange­
ment of the component parts of a co-ordinated group, it will be convenient to 
number the octahedron apices in the following manner. The outline of the 
plan of a regular octahedron on one of its triangular faces is bounded by a 
regular hexagon, each apex of which represents an angular point of the octa­
hedron ; let these la tter points be numbered consecutively from one to six. 
On the basis of this nomenclature the isomeric praseo- and violeo-compounds 
of the composition, [Co(NH3)4C12]C1, become, respectively, the 1 :2  : 4 : 5- 
tetram m ino-3 : 6-dichlorocobaltic chloride and the 1 : 2 : 3 :  5-tetram m ino- 
4 : 6-dichlorocobaltic chloride.
Werner’s theory indicates the possibility of stereoisomerism, accompanied 
by optical activity, when certain of the six ammonia groups in hexammino­
cobaltic chloride are replaced by differently constituted radicles ; in this 
respect a close correspondence has been observed between theoretical antici­
pation and experimental results. A similar concordance between prevision and 
realisation has been found among compounds in which pairs of ammonia groups 
in the hexamminocobaltic chloride are replaced each by one molecule of 
ethylenediam ine; theory indicates th a t the ferethylenediaminecobaltic 
chloride, [Co(NH2.CH2.CH2.NH2)3]C13, should be resolvable into enantio- 
morphously related components which contain the 1 : 2 ,  3 : 4 ,  5 : 6 -  and the 
2 : 3 ,  4 : 5, 6 : 1 -terethylenediamineeobaltic co-ordinated groups respectively, 
and salts of these two optically active radicles have been prepared.
I t  may be stated th a t a very close agreement exists between the anticipations 
of the Werner theory and the observed facts in so far as concerns complex 
metallic compounds of the co-ordination number six in which univalent or
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bivalent radicles or both, are associated with the- metallic atom  within the 
co-ordinated group ; the correspondence extends so far as to provide examples 
of internal compensation of the mesotartaric acid, type among such salts. 
Since this close correspondence exists among compounds of the types named 
above, indicating th a t  the theory is much more than  a mere hypothesis, it  
seems highly desirable to  extend the development of the whole subject to  the 
study of compounds of the first type mentioned, in which triads of univalent 
groups are replaced each by one tervalent radicle such as 1 . 2 .  3-triamino- 
propane. A little consideration will show th a t kinds of isomerism m ight thus 
arise which would be entirely different in character from those hitherto realised 
and which have provided the theory with so solid an experimental foundation. 
Thus the compound [Co(NH2.CH2.CHx(NH2).CH2.NH2)2]Cl3 m ight exist in 
the following isomeric forms : the 5 : 1 :  3, 2 : 4 : 6-6fstriaminopropanecobaltic 
chloride, which should not be resolvable into optically active components ; 
the 5 : 1 : 3 ,  6 : 2 :  4- and the 5 : 1 : 3 ,  4 : 6 :  2-isomerides, which should be 
obtained as an externally compensated product and should be resolvable ; 
the 5 : 1 : 2 ,  3 : 4 :  6-isomeride, which would not be resolvable and should 
differ from the foregoing in th a t the points of attachm ent of the triam ine 
molecule to the cobalt atom  lie a t three points of a square cross-section of a 
regular octahedron, whilst in the former types the triam ine molecule is bent to 
an angle of 60° as between its two halves.
The subject here introduced is, obviously, a large one. I t  may be extended 
usefully in the manner which Werner adopted with such brilliant results in 
types of cases which he studied, and may be further developed by the use of 
diaminomonocarboxylic acids or other compounds of mixed function, and of 
tricarboxylic fa tty  acids, and extended to the study of complex metallic 
compounds containing tetram ines and like polyvalent components.
The first practical difficulty encountered in connection with the study of 
complex metallic compounds containing triacidic amines arises from the fact 
th a t the aliphatic triamines have been bu t little examined and are not easy 
to prepare. In  the present paper we therefore confine ourselves to  the descrip­
tion of an efficient method for preparing the most simple of the aliphatic 
triamines, the 1 : 2 :  3-triaminopropane, N H 2.CH2.CH^(NH2).CII2.NH2, and of 
a few compounds which prove the existence of the new class of complex metallic 
compounds represented by substances of the type of 6istriaminopropane- 
pobaltic chloride, [Co(NH2.CH2.CH^.(NH2).CH2.NH2)2]Cl3 .
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1 : 2 :  Z-Triaminopropane. 
N H 2.CH2.CH^.(NH2).CH2.NH2.
1 : 2 : 3-Triaminopropane was first prepared by Brackebusch (‘ Ber.,’ vol. 6, 
p. 1290 (1873)), who converted 1 : 2 :  3-tribromopropane by the action of 
silver nitrite into trinitropropane, which on reduction gave the required 
b ase ; the yield was low owing to  contamination of the trinitropropane with 
trinitroglycerol, and no physical constants or analyses of the base are given. 
Gabriel and Michels (‘Ber.,’ vol. 25, p. 3056 (1892)) prepared 1 : 2 :  3-tri- 
phthalimidopropane, which, however, on hydrolysis gave no triaminopropane. 
The la tter was finally synthesised by Curtius and Hesse (‘ Jour. pr. Chem.’ 
[ii], vol. 62, p. 232 (1900) ), who converted triethyl tricarballylate into the corre­
sponding trihydrazide, which when treated with nitrous acid gave tricarbal- 
lylic triazide. The la tter on treatm ent with alcohol furnished glycerol triethyl- 
urethane, which on hydrolysis with hydrochloric acid gave the 1 : 2 : 3 -  
triaminopropane trihydrochloride. *
This synthesis, however, is unsuitable for the preparation of the base in 
large quantities, for, apart from the explosive nature of the intermediate 
compounds, the reduction of aconitic to  tricarballylic acid is a long and tedious 
process. A ttem pts were therefore made to condense 1 : 2 :  3-tribromopropane 
with three equivalents of p-toluenesulphonylsodamide, and to  obtain the base 
by the hydrolysis of the tri-^-toluene sulphamidopropane thus ob ta ined ; all 
such attem pts proved unsuccessful, however, as under most favourable condi­
tions only a m ixture of the mono- and di-p-toluenesulphamido-compounds 
was obtained. Since Curtius and Hesse (loc. cit.) state th a t tribenzoyltriamino- 
propane readily gives the base on acid hydrolysis, attem pts were next made to 
prepare the former compound by the condensation of 2 : 3-dibromopropyl- 
benzamide (Kay, ‘ Ber.,’ vol. 26, p. 2848 (1893)) with two equivalents of the 
sodium derivative of benzamide. These attem pts also proved fruitless, owing 
probably to  the ready conversion of the dibromopropylbenzamide into bromi- 
nated oxazoline derivatives. The use of potassium phthalimide, ^-toluene- 
sulphonylsodamide, and sodamide in  place of the sodium derivative of benza­
mide also failed to give the desired result.
A different synthesis was then attem pted. 1 Citric acid was converted into 
acetonedicarboxvlic acid by Jerdan’s modification (‘ J . Chem. Soe.,’ vol. 75, 
p. 809 (1899)) of von Pechmann’s method (‘ Ann.,’ vol. 261, p. 155 (1891)). 
The crude dicarboxylic acid on treatm ent with sodium nitrite solution (von 
Pechmann and Wehsarg, ‘ Ber.,’ vol. 19, p. 2465 (1886)) gave diisonitroso-
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acetone, which, was in tu rn  converted to trioximinoacetone (‘ Ber.,’ vol. 21, 
p. 299 (1888)). All attem pts to  reduce trioximinoacetone to triaminopropane 
failed, in spite of the use of many reducing agents under very varied conditions; 
in  each case the formation of ammonia indicated disruption of the trioximino­
acetone complex. The diisonitrosoacetone was therefore reduced with stan­
nous chloride (Kalischer, ‘ Ber.,’ vol. 28, p. 1520 (1895)), and diaminoacetone 
isolated as its dihydrochloride. The latter was then converted into diacetyl- 
diaminoacetone by treatm ent with acetic anhydride (Franchimont and Fried­
mann, 4 Bee. trav . chim.,’ vol. 26, p. 226 (1907)). Diacetyldiaminoacetone 
readily furnished the corresponding oxime, which when reduced with aluminium 
amalgam and hydrolysed gave the pure 1 : 2 :  3-triaminopropane trihydro­
chloride.
Since the crude acetonedicarboxylic acid contains sulphuric acid, and the 
diisonitrosoacetone is contam inated with sodium cyanide, the yields of these 
compounds cannot be stated  precisely. The diaminoacetone, obtained by 
reduction with stannous chloride, separates as the stannochloride, and the 
yield of this compound from citric acid is uniformly 37 per cent, of the 
theoretical. The stannochloride on treatm ent with hydrogen sulphide yields 
diaminoacetone dihydrochloride, of which a 90 per cent, yield can be readily 
isolated from the solution, whilst the yields of diacetyldiaminoacetone, of the 
oxime, and of the triaminopropane trihydrochloride are all nearly quantitative.
Diaminoacetone dihydrochloride readily gives the crystalline diamino- 
acetoxime dihydrochloride : the la tter is so soluble in  water th a t the amount 
isolated is small, and its reduction was not further investigated.
Diacetyldiaminoacetone reacts with one molecular proportion of phenyl- 
hydrazine a t ordinary tem peratures to give the corresponding hydrazone ; a t 
higher temperatures or with larger quantities of phenylhydrazine the crystalline 
osazone, CH3.CO.NH.CH2.C(CH:N.NH.C6H 5):N.NH.C6H5, is formed.
Curtius and Hesse showed th a t triaminopropane trihvdrochloride combines 
w ith auric and platinic chlorides to yield respectively the compounds, 
H H 2.CH(CH2.NH2)2, 3HC1, AuC13, and N H 2.CH(CH2.NH2)2; 3HC1, PtCl4 ; it  
is now shown th a t  with rhodium chloride the compound
N H 2.CH(CH2.NH2)2, 3HC1, RhCl3, 2H aO,
is formed. In  these three compounds the triaminopropane acts as a jdtjmono-j 
and tri-acidic base respectively.
In  accordance* with the argument given above, i t  is found th a t the 1 : 2 : 3 -  
triaminopropane yields complex metallic salts with the trivalent metals of
a m tu la a a U M i
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group eight of the periodic table ; salts are now described of the cobalt complex, 
[Co(NH2.CH2.CH(NH2).CH2.]StH 2)2],
and of the corresponding rhodium complex. The study of these and similar 
compounds will be continued with the view to ascertaining the type of 
configuration which they represent.
Experimental.
The Preparation of Diaminoacetone Dihydrochloride.— Powdered crystalline 
citric acid (500 grms.) was converted into acetone dicarboxylic acid by Jerdan’s 
m eth o d ; the product became almost dry when spread on porous plates over 
sulphuric acid for 48 hours, and the yield of crude m aterial from 1,000 grms. of 
citric acid was usually about 850 grms. This acid was converted into diisoni­
trosoacetone by the method of von Pechmann and Wehsarg ; the product was 
contaminated with sodium cyanide, and since removal of the latter by washing 
with water also dissolved some diisonitrosoacetone, the crude product was 
washed rapidly once with water and then dried, it being found th a t the presence 
of the cyanide did not affect the purity  of the diaminoacetone obtained later. 
The dry diisonitrosoacetone was then reduced with stannous chloride and 
hydrochloric acid by Kalischer’s method, and the diaminoacetone isolated as 
the stannochloride. The latter was almost pure, and in a series of preparations 
it was found th a t the yield from 1,000 grms. of citric acid was uniformly 
610-630 grms., i.e., 37 per cent, of the theoretical. This stannochloride, having 
the composition C3H 8lSr20 , H 2SnCl4, separates as colourless needles, which 
Kalischer states melt with decomposition a t 203°. When the filtrate from these 
crystals is allowed to stand for several days a t room tem perature, i t  becomes 
orange-red in colour and deposits heavy orange-coloured crystals. These, 
when filtered, washed with hydrochloric acid and dried, decomposed violently 
a t 220°, and analysis showed them  to be a second form of the stannochloride 
isolated by Kalischer. (Found : H  =  2-76 ; N =  7> 68 ; Sri — 33-5.
C3H 10N 2Cl4Sn requires H  =  2• 87 ; N =  7-98 ; Sn -  33-9 per cent. Con­
sistent values for carbon could not be obtained.) Many examples of similar 
polymorphism among the alkyl-substituted ammonium StannichlorideS have 
been recorded by Ries (£ Zeit. fur K ryst.,’ vol. 39, p. 72 (1904); vol. 49, p. 520 
(1911)). ' ;
The diaminoacetone stannochloride (40 grms.) was then dissolved in hot 
water (500 c.c.) containing concentrated hydrochloric acid (30 c.c.), the tin  
precipitated with hydrogen sulphide, and the filtered solution evaporated in
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vacuo. Tlie first crop of diaminoacetone dihydrochloride, C3H 8N 20 5 2FIC1, H 20 , 
weighed 18 grms., the yield being 88 per cent, of th e o ry ; a second crop was 
obtained by further evaporation of the filtrate in  vacuo, or by the precipitation 
with an alcohol-ether mixture.
Diacetyldiaminoacetone.—Franchim ont and Friedmann obtained this com­
pound by heating diaminoacetone dihydrochloride with sodium acetate and 
acetic acid a t 100° for an hour, and then evaporating the filtered liquid to small 
bulk before allowing the diacetyldiaminoacetone to  crystallise. I t  was found, 
however, th a t the long heating caused the diacetyl compound to  be contaminated 
with the corresponding tetracetyl derivative. The following method avoids 
over-acetylation and gives the diacetyl compound In  high yield. Diamino­
acetone dihydrochloride (40 grms.) and anhydrous sodium acetate (36*8 grms.) 
are well mixed and heated with acetic anhydride (160 c.c.) a t 100° for 30 minutes. 
The m ixture is quickly filtered, and the residue washed with acetic anhydride 
(60 C.c.) previously heated to 100°. The filtrate on cooling deposits the pure 
diacetyldiaminoacetone, which when filtered and washed with ether is obtained 
in pure white flakes (21 grms.). A second crop is obtained by adding ether 
(600 c.c.) and petroleum (b.p. 60-80°, 200 c.c.) in  tu rn  to  the filtrate. This 
precipitated m aterial weighs 16*grms., the to tal yield of diacetyldiaminoacetone 
being 96 per cent, of th e o ry ; it  is advisable, however, to  convert the crude 
precipitated m aterial into the oxime before crystallising from alcohol.
Diacetyldiaminoacetoxime. ■ (CH3OO.NH.CH2)2C : NOH. — Hydroxylamine 
hydrochloride (3*7 grms.) is dissolved in 15 per cent, aqueous sodium hydroxide 
solution (15*0 c.c.) and diacetyldiaminoacetone (9*0 grms.) added with stirring. 
The m ixture becomes warm and soon gives a clear solution, which is kept a t 
50° for one hour, during vrhich the oxime readily crystallises on scratching. 
The dry filtered oxime weighs 9*8 grms., and is found to contain 0*3 grm. of 
sodium chloride ; hence the yield is 97 per cent, of theory. The crude product 
may be recrystallised from absolute alcohol, from which the diacetyldiamino­
acetoxime separates in fine white crystals melting a t  175-178°. (Found : 
C =  45*0 ; H  =  6*88. C7H 130 3N3 requires C =  44*9 ; H  =  7*00 per cent.)
The oxime is moderately soluble in cold water and alcohol, slightly soluble in 
acetone and ether, and almost insoluble in hot or cold benzene, chloroform or 
carbon tetrachloride. .
1 : 2 : 3 -Triaminopropane trihydrochloride. C3H 5(NH2)3, 3HC1, H 20 . — 
Diacetyldiaminoacetoxime m ay be reduced with sodium amalgam in the 
presence of acetic acid, bu t after hydrolysis of the acetyl groups the triam ino­
propane hydrochloride remains mixed with sodium chloride and has to be
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isolated as the tribenzoyl-derivative. Reduction with aluminium amalgam is. 
therefore, far more, rapid. Aluminium (20 grms.), in the form of groats or very 
small pellets, is washed with alcohol and then treated with warm dilute sodium 
hydroxide solution until vigorous effervescence occurs. I t  is then well washed 
with water and treated for 2 minutes with 0-5 per cent, aqueous solution of 
mercuric chloride. I t  is again washed with water and the treatm ent with 
alkali and mercuric chloride repeated. The amalgam is then washed with water 
and alcohol, and a hot solution of diacetyldiaminoacetoxime (10 grms.) in 
95 per cent, alcohol (150 c.c.) a t once poured on to it. The m ixture is placed in 
a water-bath a t 45° for three hours, during which time hydrogen is evolved and 
aluminium hydroxide deposited ; hot 95 per cent, alcohol (150 c.c.) is added in 
small quantities from time to  time to prevent the mixture becoming too thick. 
Four such preparations are carried out together, the product filtered under 
reduced pressure, and the residual alumina thoroughly washed with hot alcohol. 
F iltration under these conditions is rapid, bu t if the reduction is carried out in 
the presence of acetic acid the subsequent filtration is very slow. The alcoholic 
filtrate is diluted with its own volume of water, acidified with hydrochloric 
acid and boiled down to small bulk, during which process the acetyl groups are 
removed by hydrolysis. The concentrated pale yellow solution is filtered, and 
when cool yields a large crop of triaminopropane trihydrochloride on scratching 
or seeding. The latter is drained a t the pump, washed with alcohol and ether 
and obtained as fine® wThite crystals (39-6 grms.). (Found: Cl =  49*12, 
Calc, for C3H 160N 3C13, Cl =  49-19 per cent.) Further evaporation gives a 
second crop (1-7 grm.) of the hydrochloride, whilst if the final filtrate is poured 
into alcohol a small deposit of the anhydrous hydrochloride (1-5 grm.) is 
obtained. Thus, the to tal yield represents 42 • 9 grms. of the hydrated hydro­
chloride, namely, 93 per cent, of the theoretical yield.
Triaminopropane trihydrobromide.—C3H 5(NH2)3, 3HBr, H 20 , is prepared 
similarly by hydrolysing the reduced oxime with hydrobromic acid, and is 
obtained as fine white needles less soluble in water than  the hydrochloride. 
(Found: Br =  68-64. C3H 16ON3Br3 requires Br =  68-52 per cent.) The 
anhydrous hydrobromide is a white powder melting a t 307-310° (decomp.). 
(Found : Br =  72-16. C3H 14N3Br3 requires Br =  72-24 per cent.)
1 : 2 :  3-triaminopropane is not volatile in  steam, and a solution of the 
free base is best prepared by treating a solution of the hydrochloride with an 
excess of silver oxide. The clear filtrate, however, retains silver in  solution, 
and gives a white precipitate on acidification or dilution. Triaminopropane 
does not form a stable hydrate, and the free base is therefore easily prepared
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by fractional distillation of the aqueous solution under reduced pressure. Thus 
triaminopropane trihydrochloride (100 grms.) is dissolved in warm water (200 
c.c.) and the solution treated  with a slight excess of freshly prepared silver 
oxide. The mixture is filtered, and the clear filtrate distilled under reduced 
pressure from an oil-bath ; water distils over first, and is followed by the 
colourless base boiling a t  105-110°/15 mm., a considerable viscous residue 
remaining in the flask. The above fraction on redistillation gives the pure 
1 : 2 :  3-triaminopropane.
Triaminopropane rhodiochloride. C3H 5(N H 2)3, H 3RhCl6, 2H 20 .—Crystalline 
sodium rhodiochloride (6 grms.) is dissolved in ho t water (30 c.c.) containing 
a few drops of hydrochloric acid ; to  this is added with stirring a solution 
of triam inopropane trihydrochloride (2 grms.) in boiling water (30 c.c.). The 
m ixture is allowed to cool and rapidly deposits a heavy crystalline precipitate ; 
the la tte r is filtered, and washed with water, alcohol and ether. Triamino­
propane rhodiochloride is thus obtained in lustrous garnet-red crystals, which 
are not apparently affected by heating to 310°. The chlorine was estimated 
volumetrically with N/10 silver n itrate solution, after fusing the compound 
with a mixture of sodium carbonate and peroxide. (Found : C =  8 • 04 ; 
H  =  3-25 ; ' N =  9-45 ; Cl =  48*03. C3H 180 2N3Cl6Rh requires C =  8-11 
H  — 3*86; N = 9 * 4 7 ;  0 1 = 4 7 * 9 4  per cent.) If the triaminopropane
hydrochloride solution is added to a cold concentrated solution of sodium 
. . % rhodiochloride, the above compound is again precipitated as an amorphous
salmon-pink powder, which when washed with water and dried is pure.
(Found: C =  7*92;  H =  3*19.)
Triacetyltriaminopropane. C3H 5(NH.CO.CH3)3.—A m ixture of anhydrous 
triaminopropane hydrochloride (10 grms.) and dry sodium acetate (12*4 
grms.) is heated on a boiling water-bath with acetic anhydride (60 c.c.) for 
th irty  minutes, and the product filtered h o t ; the triacetyl derivative may be 
isolated from the filtrate either by evaporation and crystallisation, or by 
precipitation with a large volume of ether. The triacetyltriaminopropane so 
obtained is recrystallised from absolute alcohol, from which it  separates slowly 
as a fine white microcrystalline powder melting a t  200-202° (corr.). (Found : 
C =  50*0 ; H  =  8*04. C9H 17N30 3 requires C =  50*2 ; H  =  7*97 per cent.) 
The compound is freely soluble in cold water and alcohol, sparingly soluble 
in  hot chloroform, and almost insoluble in hot ether, acetone or benzene.
Tribenzoyltriaminopropane.—This compound is readily prepared by shaking 
an alkaline solution of the base with an excess of benzoyl chloride, and when 
recrystalljsed from alcohol separates slowly as a fine white amorphous powder
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which Curtius and Hesse (loc. cit.) state melts a t 206-207°. I t  was found, 
however, th a t a second recrystallisation gave the tribenzoyl-compound melting 
a t 217-218° (corr.) and further purification did not affect this melting point. 
(Found: C =  71-48; H = 5 - 8 5 ;  N =  10-48. Calc, for C24H 230 3N3, C =  
71-79 ; H  =  5-78 ; N =  10-47 per cent.)
Diaminoacetoxime dihydrochloride. (HC1, N H 2CH2)2C : NOH.—Hydroxyl- 
amine hydrochloride (2-3 grms.) is dissolved in  15 per cent, aqueous sodium 
hydroxide solution (8-9 c.c.) and powdered diaminoacetone dihydro­
chloride (6 grms.) added. W ater (1 c.c.) is added to give a complete solution, 
which is m aintained a t  60° for one hour. On cooling and standing overnight, 
diaminoacetoxime dihydrochloride separates in long colourless needles melting 
a t 207° (corr.) w ith decomposition. (.Found: N — 23-7;  Cl =  40 • 5. 
CjjHjjONgCla requires N =  23-9;  Cl = 4 0 - 3  per cent.) The oxime thus 
obtained weighed 2 • 0 grms., the low yield (33 per cent, of theory) being due 
to  the marked solubility of the oxime in water.
The following crystal measurements were made by Mr. B.. Jeffery, B.A., 
working under the direction of Mr. A. Hutchinson, F.B.S. :—
“ Diaminoacetoxime Dihydrochloride.
“ System.—Oblique. :
“ A xial Ratios.— a : b : c  =  0 • 9094 :1  : 0 • 8821. P> =  58° 4-9|-'.
“ Habit.— The crystals were of prismatic habit, term inated by faces of the 
form I {001}. (Fig. 1.) Only two crystals doubly terminated were observed.
“ Forms Present.—a {100}, m  {110}, I {011}, with b {010} very small, on 
one crystal, and i  {102}, also very small, on another.
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Angles No. of Calcula­
Observed. Measurements. Limits. Mean. tion.
a. : m  =  100 :: 110 9 39° 30-36° 23' 37° 53'
a : Z =  100 : 011 4. 64° 35-66° 31' 65° 35|-'
h : I =  010 :: 011 2 52° 50'-53° 12' ‘ 53° 1' 52° 57*'
I : 1 =  011:: 011 5 73° 55-74° 18' 74° 5'
I : m ~  011: 110 2 46° 19'-46° 30' 46° 24-!-' 45° 531'
a : i =  100:: 102 1 — 88° 18' 87° 49'
m : i =  110 : 102 1 — . 88° 55' 88° 161'
I : i  =  011 :: 102 1 — 46° 14' 45° 43-!-'
“ Cleavage.—None observed.
“ Specific gravity.—Average of three determinations 1*525-(highest value 
1 • 528). Determined by floating the crystal in bromoform diluted with benzene.
“ Optical characters.—The refractive indices were determined approximately, 
using the H erbert Smith refractometer, y =  1 • 58, (3=1*56,  a =  1 • 55, and 
the crystal is probably positive. The optic axial plane and acute bisectrix 
were not determined. All the faces in the prism zone gave practically straight 
extinction between crossed nicols.”
Diacetyldiaminoacetonephenylhydrazone (CH3 .CO.NH.CH2)2C:N.NH.C(jH 5.— 
Diacetyldiaminoacetone readily gives an osazone with phenylhydrazine, and a 
deficiency of phenylhydrazine m ust be used in preparing the normal hydrazone. 
Diacetyldiaminoacetone (4 grms.) is dissolved in water (6 c.c.) a t 100°, and 
phenylhydrazine (2*3 c.c. instead of 2*5 c.c.) added. The clear solution 
obtained a t 100° is quickly cooled to 50°, and m aintained a t  this tem perature 
for 30 minutes, when a heavy oil separates. The la tter crystallises on cooling, 
and the crude dry hydrazone so obtained weighs 6 grms., the yield being 98 per 
cent, of theory. When recrystallised from ethyl acetate, the diacetyldiamino- 
acetonephenylhydrazone is obtained in colourless crystals melting a t 115-118° to 
a cloudy white liquid. (Found: C =  59*4; H = 6 - 9 0 .  C13H 180 2N 2 requires 
C =  59*5 ; H  =  6*90 per cent.)
Acetylaminomethylglyoxabsazone
(CH3.CO.NH.CH2.C:(N.NH.C6H 5)CH:N.NH.C6H 5).
Powdered diacetyldiaminoacetone (4 grms.) and phenylhydrazine (5 c.c.) 
are added in  tu rn  to  acetic acid (4 c.c.), diluted with water (4 c.c.), and 
the m ixture kept a t  50° for 3 hours ; a heavy reddish-yellow oil slowly 
separates and finally solidifies. After standing overnight the solid product is 
filtered and recrystallised from alcohol, when the osazone separates in fine
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lemon-yellow needles melting a t 186°. (Found: C =  66-2;  H = 6 - 1 6 ;
N =  22-5. C17H 19ON’5 requires C — 66-0 ; H  =  6-19 ; N  =  22-6 per cent.)
If diacetyldiaminoacetone is treated  witli three equivalents of phenyl­
hydrazine under the above conditions, no further action occurs, and the above 
osazone remains contam inated with the excess of free hydrazine, from which it 
can be separated by crystallisation from alcohol. The products of hydrolysis 
of this osazone are under investigation.
Metallic co-ordinated' derivatives of triaminopropane.—In the formulae 
given below, the contraction “ p tn  ” is used to represent one molecule of 
triaminopropane, namely, the group N H 2.CH(CH2.NH 2)2.
Bispropanetriamine cobaltic trichloride. [Co p tn 2] Cl3.—A boiling aqueous 
solution of silver n itrate (80 grms.) is treated  with hot solution of potassium 
hydroxide (27 grms.) and the precipitated silver oxide filtered and washed, and 
the filtrate well shaken with a solution o f. triaminopropane trihydrochloride 
(30 grms.) in warm water (180 c.c.). The m ixture is filtered, and the filtrate 
heated with finely powdered monochloropentamminocobaltic dichloride 
(7-5 grms.) on the water bath; Ammonia is driven off, and when the volume 
of the m ixture is about 40 c.c., the solution is acidified with hydrochloric 
acid to ensure the precipitation of the silver originally dissolved in the solution 
of the base. The solution after filtering and cooling deposits orange-coloured 
crystals, which are separated, recrystallised from a little hot water, filtered and 
washed with alcohol. Bwpropanetriamine cobaltic chloride is thus obtained 
in orange-coloured needles, which darken in colour a t  300° and melt with 
decomposition a t  312-314°. (Found : C =  20-9 ; H  =  6*43 ; N =  24*6 ; 
Cl =  31 • 0. C6H 22N6C13Co requires C =  20 • 9 ; H  =  6 • 45 ; N =  24 • 5 ; 
Cl =  31 *0 per cent.) The salt is freely soluble in water, bu t almost insoluble 
in alcohol.
Bispropanetriamine cobaltic triiodide. [Co p tn 2]I3.—A strong aqueous 
solution of potassium iodide is added to a strong solution of fo'spropanetriamine 
cobaltic trichloride, and the yellowish-brown precipitate is filtered, washed with 
water and recrystallised from a little hot water. Bispropanetriamine cobaltic 
triiodide separates in orange-brown needles which undergo no apparent 
change when heated to 320°. (Found : C =  11-6 ; H  =  3*55, I  =  61 *2. 
C6H 22N6I 3Co requires C = l l - 6 ;  1 1 = 3 - 5 9 :  1 = 6 1 - 6  per cent.) . The 
salt is insoluble in  alcohol, and considerably less soluble in water than  the 
' trichloride.
Bispropanetriamine cobaltic platinichloride. [Co p tn 2]2, 3Pt Cl6, 6 H 20 .—An 
excess of a solution of chloroplatinic acid is added to a solution of fo'spropane-
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triamine cobaltic trichloride, and the brown precipitate is filtered, washed with 
water and recrystallised from hot water, from which the platinichloride 
separates in orange-brown needles. The la tter lose water of crystallisation 
when heated a t 130°, and the anhydrous bispropanetriamine cobalt platini­
chloride darkens in colour a t 255° and melts with decomposition a t 
270°. (Found: for the hydrated platinichloride, C =  8*03 ; H  =  3-19. 
Ci 2H 560 6N 12Cl180o 2P t3 requires C =  7*96;  1 1 = 3 * 1 2 . For the anhydrous 
platinichloride, 0 = 8 *  58 ; H = 2 * 7 3 .  0 12H 44N 12Cl180o 2P t 3 requires C =
8*47 ; H =  2*61 per cent.)
Bispropanetriamine rhodium triiodide. [Rh ptn 2]I3.—Triaminopropane hydro­
chloride (9 grms.) is dissolved in water (40c.c.) and the solution treated as before 
with the oxide obtained from silver n itrate (24 grms.). The solution is filtered, 
added to powdered recrystallised monochloropentamminorhodium dichloride 
(5 grms.) and the m ixture boiled under reflux for four hours. The solution is 
then acidified with hydrochloric acid, filtered, and when cold treated  with an 
excess of potassium iodide solution. The white precipitate is filtered and 
recrystallised from a little boiling water, from which the bispropanetriamine 
rhodium triiodide separates in  small dense cream-coloured crystals, which 
remain unchanged when heated to  300°. (F ound : C = 1 0 * 7 ; H = 3 * 3 8 ;  
1 =  57*21. C6H 22lSr6I 3R h requires 0 = 1 0 * 9 ;  H = 3 * 3 5 ;  1 =  57*53 per 
cent.) If the monochloropentamminorhodium dichloride used in this prepara­
tion is impure and dark in  colour, the resulting iodide is yellow or reddish- 
brown in colour : recrystallisation from boiling water containing animal char­
coal, however, gives the pure cream-coloured triiodide. The la tte r is only 
slightly soluble in  cold water, easily soluble in hot water, and insoluble in 
alcohol.
Bispropanetriamine rhodium platinichloride. [Rh p tn 2]2, 3P t Cl6, 4H 20 .— 
A solution of bispropanetriamine rhodium triiodide in hot water is shaken with 
an excess of silver oxide, filtered, acidified with hydrochloric acid and allowed to 
cool. I t  is then added to  a solution of an excess of chloroplatinic acid, and the: 
platinichloride rapidly separates. The latter is filtered, washed with hot 
water and alcohol, and dried over calcium chloride. Rispropanetriamine 
rhodium platinichloride is thus obtained in small orange-coloured crystals, 
which are only slightly soluble in boiling water. (Found : C =  7*75 ; H  =  
2*66.. C12H 520 4N 120118P t3R h 2 requires 0  =  7*75;  H  =  2*82 per cent.) 
The anhydrous salt darkens a t  295° and melts a t  328° (decomp.).
Bispropanetriamine rhodium rhodiochloride. [Rh p tn 2]RhCl6, 4H 20 .—A 
solution of bispropanetriamine rhodiochloride is prepared as in the previous
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experiments and added to  a solution of sodium rhodium chloride ( 6  grms.) 
in hot water (30 c.c.). The precipitate is filtered, washed with hot water and 
alcohol, and dried over calcium chloride, bispropanetriam ine rhodium 
rhodiochloride is thus obtained as a pinkish-grey amorphous powder, which is 
almost insoluble in boiling water, and which undergoes no apparent change on 
heating to 310°. (Found: N =  12-45;  Cl =  32-10. C6H 30O4N6Cl6R h 2
requires N =  12-51 ; Cl =  31-81 per cent.)
H A B u ison  a n d  S o n s , Ltd., Printers in Ordinary to  His Majesty, St. Martin’s Lane,
[From the  P r o c e e d i n g s  o f  t h e  R o y a l  S o c i e t y ,  A, V o l .  109, 1925.]
ft /3' fi” - Triaminotriethylamine and its Complex Metallic 
Compounds.
B y  F. G. MANN, Ph.D., a n d  S i r  W. J. POPE, F.B.S.
[Reprinted from the P r o c e e d i n g s  o e  t h e  R o y a l  S o c i e t y ,  A, Yol. 109.]
(3 (5' p"-Triaminotriethylamine and its Complex Metallic 
Compounds.
By F. G. M a n n , Ph.D., and Sir W. J . P o p e , F.R.S.
(Received August 17, 1925.)
We have recently shown (£ Roy. Soc. Proc.,’ A, 1924, vol. 107, p. 80) th a t
1 : 2 :  3-triaminopropane forms co-ordination compounds with certain trivalent
metals, such as cobalt and rhodium ; these compounds are of the general type
of fris-propanetriamine cobaltic chloride, [Co 2(NH 2.CH(CH2 .N H 2)2)] Cl3,
in accordance with W erner’s theory of co-ordination. In  these compounds the
triaminopropane behaves in a similar way to  ethylenediamine, each amino-
group taking part in the formation of the co-ordinated radicle. I t  is thus seen
th a t the grouping, N H 2 .CH2 .CH.NH2, which is present twice in thetriam ino-
I
propane molecule, behaves for co-ordination purposes in the same way as the 
molecule of ethylenediamine, N H 2 .CH2 .CH2 .N H 2.
This analogy in behaviour appears worthy of further investigation, and we 
have therefore studied the manner in which (3 (Y ^"-triaminotriethylamine, 
N(CH2.CH 2 .N H 2)3, co-ordinates with the m eta ls ; in this substance the 
grouping, N H 2 .CH 2 .CH2.N : ,  occurs three times, but i t  would seem th a t 
the presence of the three prim ary amino-groups has greatly diminished the 
basic properties of the tertiary  amino-radicle, since R istenpart (‘ B er./ 1896, 
vol. 29, p. 2530) obtained only salts in which the substance acts as a tribasic 
amine. I t  m ight thus be anticipated th a t co-ordinated salts of the type I  
would be formed.
I. [Co 2 (N(CH2 .CH2 .N H 2)3)] Cl3.
This, however, is not the case, and the triaminotriethylamine acts in all 
cases for co-ordination purposes as a tetrabasic amine ; we have thus been
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able to prepare such salts as dichtoro-triaminotriethylamine-platinic 
dichloride, II, and trianunotriethylamine-platinous di-iodide, III .
II . [Cl2PtN (CH2.CH2.N H 2)3]C l2,
I I I .  [P tN (C H 2.CH2N H 2)3] I 2.
This result is remarkable in th a t simple tertiary  aliphatic amines such as 
triethylam ine do not yield co-ordination compounds, whilst the tertiary  
nitrogen atom  in triam inotriethylam ine does act as a co-ordinating unit. I t  
is suggested th a t a steric reason exists for this fact, namely, th a t the a ttach ­
m ent of the three amino-groups, NH2, a t three apices of the octahedral 
co-ordinated group in Formula II, say, a t positions 1 : 2 : 4 ,  m ay bring the 
tertiary  nitrogen atom  into position 3 and thus facilitate its co-ordination. 
Such an explanation does not serve in the case of the plabinous compound III , 
in which, according to Werner, the four co-ordinating radicles should lie in 
a plane with the platinum atom  ; further discussion of the configuration of this 
compound may be postponed until we are able to determine the molecular 
weight of some substance of the same type.
The preparation of triaminotriethylamine described by Ristenpart is a tedious 
one and a more expeditious method was therefore sought in the direct reduction 
of a a ' a'-tricyanotrim ethylam ine, which Dubsky prepared (! Ber.,’ 1916, 
vol. 49, p. 1041) by treating a cold aqueous solution of hexamethylenetetramine 
and potassium cyanide with strong hydrochloric acid, when the trinitrile 
separates on standing in high yield. Many attem pts were made to repeat 
Dubsky’s preparation, bu t on only one occasion was the trinitrile obtained, 
and then in  minute yield. The preparation was therefore carried out by 
Curtius’s modification (‘ Jour. prak. Chem.,’ 1917, vol. 96, p. 232) of 
Eschweiler’s method (‘ Ann.,’ 1894, vol. 278, p. 233), in which free hydrogen 
cyanide is used instead of potassium cyanide. This preparation proceeds 
smoothly, and gives the tricyanotrimethylamine in good yield. Numerous 
attem pts were made to reduce this compound to  triaminotriethylamine, but 
all failed. Sodium and absolute ethyl or amyl alcohol decomposed the 
compound rapidly with the production of ammonia, whilst aluminium amalgam 
had no apparent action on a boiling aqueous alcoholic solution. This 
attem pted preparation of the base was therefore abandoned, and recourse 
was had to R istenpart’s_ method. Considerable improvements have been 
made in  this method, particularly in the hydrolysis of the triphthalim idotriethyl- 
amine, and the base has thus been prepared in large amount. I t  was found, 
however, th a t triaminotriethylamine may act either as a  triam ine or as a
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tetram ine : a strong solution in dilute hydrochloric acid if poured into alcohol 
precipitates the trihydrochloride, N(C2H 4NH2)3, 3HC1, as R istenpart describes, 
but if concentrated and allowed to crystallise yields the tetrahydrochloride, 
N(C2H 4N II2 ) 3 4HC1, H 2 0 . T w o  aurichlorides, two platinichlorides and two 
rhodiochlorides have thus been prepared, in which the amine acts as a tri- 
and tetra-acidic base respectively. The rhodiochlorides are of interest, 
insomuch as in  both the rhodium acts as a divalent metal. Moreover, tri- 
aminotriethylamine acts exclusively as a tetracidic base when it  co-ordinates 
with metals and the two series of co-ordination compounds which have been 
prepared as derivatives of platinic and platinous chlorides, viz., dichlorotri- 
aminotriethylamine-platinic dichloride (II), and triaminotriethylamine 
platinous di-iodide (III), thus fall strictly into line with the requirements of 
W erner’s theory. In  both types the tertiary  nitrogen atom  has co-ordinated 
with the metal, and therefore the question of its basicity when the primary 
amino-groups alone co-ordinate does not arise. No evidence of the formation 
of compounds of the type (I) has been obtained.
The compounds thus obtained with divalent and tetravalent platinum repre­
sent co-ordination compounds of two entirely novel types. They are the 
first co-ordinated compounds to be prepared with an aliphatic tetramine, and 
each presents several points of interest. I t  will be noticed th a t in the com­
pound dichlorotriaminotriethylamine, platinic dichloride, each (3-aminoethyl 
group in conjunction with the tertiary  nitrogen atom acts as a bridging group 
spanning the distance between two adjacent apices of the platinum octahedron ; 
the amine thus consists of three bridging groups, all of which have one end in 
common, viz., the tertiary  nitrogen atom. The complex thus formed would 
appear to  have a plane of symmetry, and should therefore not be resolvable into 
optically active isomerides.
The compound of divalent platinum, triaminotriethylamine-platinous 
di-iodide (III), is of particular interest because i t  is difficult to  see how the four 
nitrogen atoms in one molecule of the amine can be arranged a t the four corners 
of a square of which the centre is occupied by the platinum atom, in accordance 
with the Werner conception. I t  m ight be suggested th a t two molecules of 
the amine share two atoms of platinum  between them  and th a t the constitution 
of the di-iodide is represented by formula (IY) rather than  by (III).
P t ;(H2N.C2H ,)3N
IV.
N (C2H 4.NH 2 )3 P t
b 2
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The molecular weight determinations necessary to settle this question are not 
conveniently made with the sparingly soluble di-iodide. We are a t present 
engaged in the study of a new set of salts of similar constitution and hope thence 
to derive positive information concerning the molecular weights.
E x p e r im e n t a l .
Preparation of Triaminotriethylamine Hydrochloride.
Triphthalimidotriethylamine.
Ristenpart passed dry ammonia gas through molten (^bromethylphthalimide 
(prepared by Gabriel’s method, ‘ Ber.,’ 1889, vol. 23, p. 1137) a t 140-150° for 5-8 
hours, and extracted the viscous reaction product with boiling alcohol before i t  
cooled and solidified. The alcohol dissolves unchanged bromethylphthalimide 
and the triphthalimidotriethylam ine hydrobromide (approximately 1 2  per cent.) 
formed as a by-product, whilst the insoluble residue of triphthalim idotriethyl- 
amine is purified by washing with alcohol and water, and recrystallisation 
from acetic acid. This method is advantageously modified by filling a wide 
boiling-tube about two-thirds full of the molten bromethylphthalimide and 
passing in ammonia through a wide delivery tube. After about eight hours 
the product becomes too viscous to allow the free passage of ammonia, and, 
after cooling, the tube and contents are pulverised and extracted with boiling 
alcohol. The extraction is repeated to ensure the removal of unchanged 
bromethylphthalimide from the insoluble residue, and the latter is then 
recrystallised from acetic acid. Triphthalimidotriethylamine is thus obtained 
of m.p. 193° (corr.) (R istenpart gives m.p. 187-5°) ; addition of dry ether to 
the acetic acid mother liquors throws out a further crop of the triphthalimido 
compound, usually of a cream colour, and this material w ithout further puri­
fication also gives the pure hydrochloride of the base on hydrolysis.
Triaminotriethylamine hydrochloride.—R istenpart directs, th a t  the triphthal- 
imidotriethylamine should be hydrolysed by heating 2  grm. portions with 
5 c.c. of concentrated hydrochloric acid in a sealed tube for two hours a t 150°. 
The compound is more expeditiously hydrolysed by boiling in 15 gram lots 
with 300 c.c. of dilute hydrochloric acid (1 :1  by volume) very gently for about 
seven hours. On cooling the clear solution, phthalic acid separates, and the 
filtrate, after concentration to small bulk, is poured into alcohol, when the 
trihydrochloride separates as a fine white powder. (Round : Cl =  41 • 44. 
C0H 21N4 CI3 requires 01 =  41-60 per cent.) If, however, the concentrated 
aqueous solution is allowed to cool, large spear-shaped crystals of the hydrated
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triaminotriethylamine' tetrahydrochloride, N(C2H 4N H 2)3, 4HC1, H 20, separate. 
The crystals of the tetrahydrochloride melt a t 167-169° with effervescence, 
giving off steam and hydrogen chloride, whilst the residue resolidifies to a white 
mass of the trihydrochloride. The tetrahydrochloride effloresces on exposure 
to the air for several days, giving the trihydrochloride ; the same change occurs 
rapidly when the. crystalline material is heated in vacuo a t 100°. (Found : 
C =  23 • 40 ; H  =  7 • 84 ; Cl =  45 • 40 ; N =  17 • 78; loss on heating in vacuo a t 
80° -  17-28. C6H 240  N4C14 requires C =  23-22 ; H  =  7-81 ; Cl =  45-75 ; 
N =  18-07, HC1 +  H 20  =  17-58 per cent.)
The following. report has been prepared by Mr. J. Reekie, B.A., working 
under the direction of Mr. A. Hutchinson, F.R.S. :—
N(C2H 4N H 2)3, 4HC1, H 20.
“ The substance crystallises in hexagonal prisms term inated a t  each end 
by acute hexagonal pyramids. No indications of hemimorphism or hemi- 
hedrism were observed, and no other forms were exhibited. The crystals 
may, therefore, be assigned to the holohedral class of the hexagonal system.
“ Forms m  {1010} and p { 1 0 ll} .  Angle mp — 1010 :1011 =  15-3 9 | 
whence a : c =  1 : 3-093.
“ There is a moderate cleavage parallel to the basal plane. A uniaxial 
interference figure of negative sign was observed through a cleavage plate. 
The indices of refraction were measured by means of a prism formed by two 
opposite j?  faces. For sodium light they are o = l - 5 9 4 9 ,  e =  1-5813.
B p.gr. ^  =  1-389.” ;
. In  the preparation of the above base, large quantities of triphthalim idotriethyl­
amine hydrobromide accumulated. Efforts were made to  hydrolyse this 
compound similarly by boiling under reflux with hydrochloric and with 
hydro bromic acid. The hydro bromide proved surprisingly resistant to  such 
treatm ent, and for successful hydrolysis recourse was had to R istenpart’s 
method, whereby the hydrobromide is heated in a sealed tube with a mixture 
of acetic and strong hydro bromic acids, and the pure triaminotriethylamine 
trihydrobromide was thus obtained. We were unable to obtain a tetrahydro- 
bromide by recrystallising the trihydrobromide from strong hydrobromic 
acid.
449 F. G. Mann and Sir W. j .  Pope.
Triaminotriethylamine Dihydriodide Monohydrochloride..
, N(C2H 4N H 2)3, 2HI, HC1.
On mixing strong aqueous solutions of the tri- or tetra-hydrochloride and o f. 
potassium iodide, a fine white crystalline deposit separates. The la tter on 
recrystallisation from a little hot water furnishes dense white crystals of 
triaminotriethylamine dihydriodide monohydrochloride, which do not melt 
below 300°. (Found : C =  16*43 ; H  =  4*67, Cl +  21 =  65*63, N =  12*35. 
C6H 21N4C1I2 requires C =  16*42, H  =  4*83, Cl - f  21 =  65*93, N =  12*77 
per cent.) I t  was thought th a t the formation of this mixed salt even by a 
..large excess of potassium iodide might have been caused by the precipitation 
of the mixed salts before the trihydriodide had time to be formed. To prevent 
this a concentrated aqueous solution of the tetrahydrochloride was heated to 
boiling and a boiling solution of potassium iodide saturated in the cold added. 
The clear solution, after heating to  100°, was allowed to  cool, when the same 
mixed salt separated and after recrystallisation was free from potassium 
iodide. (Found : C =  15*96 ; H  =  4*58 per cent.)
Tricarbamidotriethylamine. N (C2H 4NH -CO* N H 2)3.
A slight excess of silver cyanate was added to an aqueous solution of 
triam inotriethylam ine trihydrochloride, and the m ixture heated on the 
water-bath for 20 minutes. The solution was then filtered and evaporated 
to small b u lk ; on cooling a crystalline deposit coloured violet by a trace 
of silver was obtained. After drying and extracting the deposit w ith boiling 
absolute alcohol, filtering and cooling, a voluminous white crystalline mass 
separated. The latter on heating shrinks a t  140° and finally melts with 
decomposition a t 167-168°. (Found : C =  39*44 ; H  =  7*70. C3H 210 3N7 
requires C =  39*20 ; H  =  7*68 per cent.) Tricarbamidotriethylamine is very 
soluble in cold water and in  warm acetic acid, but only moderately soluble in 
boiling alcohol ; i t  is almost insoluble in boiling benzene, ether and acetone. 
On exposure to light for several days it  becomes brown.
The pharmacological properties of the base have been investigated by 
Mr. J . H. Wadia, B.A., B.Sc., who reports th a t “ Triaminotriethylamine 
trihydrochloride has the typical action of ammonium salts. This is shown in 
particular by the stimulation of the medulla in  animals, the respiration 
becoming quicker and deeper. Like ammonium chloride, this amine exerts 
no toxic action and produces no symptoms when given to  rabbits intravenously 
in doses of 5 c.c. of a 2 per cent, solution for an animal of about 2 kgm. in 
weight.”
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A pure aqueous solution of the free base cannot be prepared by steam- 
distilling a solution of the hydro chloride neutralised with caustic soda, for 
the base is not volatile in steam.
I t  was considered possible th a t triaminotriethylamine trihydrochloride, when 
heated above its melting-point, would lose ammonium chloride and form 
either N-aminoethylpiperazine or even triethylenediamine, a reaction parallel 
to  Ladenburg’s' synthesis of piperidine by the pyrogenic decomposition of 
tetramethylene-diamine dihydrochloride (‘ B er./ 1885, vol. 18, p. 3100 ; ‘ A nn./ 
1888, vol. 247, p. 54). Some preliminary experiments showed, however, th a t 
when the trihydrochloride was heated to about 400° C. in  a metal bath, i t  
slowly decomposed to a black mass. If, however, the trihydrochloride in 
portions of not more than  0 • 2 grm. is placed in a test tube, and the bottom of 
the latter rotated quickly above a small Bunsen flame for a few seconds, the 
hydrochloride melts to a brown liquid which effervesces, whilst a brownish - 
white sublimate forms on the cooler portions of the tube. If the heating is 
very brief, the brown liquid suffers little charring, and on cooling solidifies 
to  a brown mass. A number of tubes of the hydrochloride were thus treated, 
and when cool the ends were cut off below the condensed sublimate. The 
ends were extracted with boiling water containing a little animal charcoal, 
and on filtering a clear pale yellow solution was obtained. This solution readily 
gave a crystalline platinichloride and picrate, but the product in  each case 
proved on investigation to  be a m ixture of a t  least two compounds. Owing 
to the small am ount of m aterial available, no further attem pts to separate 
and identify the constituents were made.
Compounds of triam inotriethylam ine with the chlorides of various heavy 
metals were prepared and those obtained with the noble metals were used 
to study the further co-ordination of the base with the metal itself, the 
compounds of platinum  finally being chosen as most suitable for this purpose. 
I t  will be seen th a t the chlorides of the noble metals usually form two 
derivatives with, triaminotriethylamine, i.e., with the tri- and tetra-hydro- 
chloride of the base respectively.
Aurichloride of Triaminotriethylamine trihydrochloride. 
N(C2H 4N H 2)3, 3HC1, 3AuC13.
When an aqueous solution of the trihydrochloride is added to th a t of an 
excess of potassium aurichloride, the triaurichloride of the above composition is 
precipitated as R istenpart describes. (Found : Au =  50-88 . CoIRilSI^Cli^Aug 
requires Au =  50-75 per cent.). This compound separates in orange-
451 F. G. Mann and Sir W. J. Pope.
coloured needles, which are freely soluble in water, and exceedingly so in 
alcohol and acetone. If an attem pt is made to  recrystallise the triaurichloride 
from hot water, the solution rapidly changes to a pale yellow colour and deposits 
on cooling a finely crystalline lemon-yellow solid. The gold content of this 
material becomes higher the longer the aqueous solution is bo iled ; after 
heating for about th irty  minutes, complete decomposition ensues, and 
metallic gold is deposited, the solution becoming almost colourless. Several 
further instances will be given in  which the amine thus acts as a vigorous 
reducing agent towards the chlorides of the heavy metals. The triauri- 
chloride is stable whilst protected from damp ; when, however, it  is placed in  
vacuo over sulphuric acid, the colour rapidly darkens and eventually becomes 
a uniform russet-brown. This is apparently only a physical change. A 
specimen of the triaurichloride was kept in  vacuo for a week, by which time 
the change, in colour was complete ; the melting-point of the russet-brown 
m aterial had fallen only one degree, whilst the gold content remained 
unchanged. (Pound: Au =  50-95 per cent.)
Aurichloride o f the tetrahydrochloride N(C2H 4NH 2 )3 , 4HC1, 2AuC13.
An attem pt was made to  prepare the tetraurichloride by dissolving 0 -6 grm. 
of the trihydrochloride in 20 c.c. of dilute hydrochloric acid (1 : 1 by volume), 
and adding this solution rapidly to th a t of 5 grms. of chlorauric acid 
(HAuCh, 3H 20) in 20 c.c. of hydrochloric acid of the same strength. The 
m ixture rapidly gave a pale yellow deposit. After standing one hour, the 
solution was filtered, and the residue washed with hydrochloric acid of the 
above strength until the washings contained no free chlorauric acid. The 
residue was dried in  vacuo over sulphuric acid and caustic soda, and was thus 
obtained as a pale yellow crystalline solid which melted with decomposition 
a t 187-189°. This compound on analysis gives low but consistent values for 
carbon ; the identity  of the compound is placed beyond doubt by the values 
obtained for all other elements. (Pound: C* — 7-29, 7-17 ; H  =  2-56,
2-58;  Au =  44-06, 43-68;  Cl =  39-07;  N =  6-20. C6H 22N4C110Au2
requires C =  8-00 ; H  =  2-45 ; Au =  43-85 ; Cl =  39-43 ; N == 6-23 per 
cent.). I t  is not unusual for the aliphatic polyamines to form aurichlorides 
of lower gold content than  their basicity demands. 1 : 2 : 3  Triamino-propane 
unites with only one equivalent of aurichloric acid (Mann and Pope, loc. cit., 
p. 83).
* W henever in  th is paper more th an  one value is given for an  elem ent, the  values refer 
to  analyses of different preparations of th e  compound, and no t merely to repeated analyses 
of the same sample.
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Triaminotriethylamine Mercurichloride N(C2H 4N H 2)3, 3HC1, 5HgCl2.
A solution of 1*0 grm. of the trihydrochloride in 10 c.c. of water was added 
to 90 c.c. of a saturated aqueous solution of mercuric chloride.' Fine colourless 
needles slowly separated, and after th irty  minutes were filtered, washed with 
water and air-dried. The penta-mercurichloride melts with decomposition at 
202-204°. (Found: N =  3-58; Cl =  28-29. C6H 21N4Cl13Hg5 requires N =
3-47 ; Cl =  28-57 per cent.).
Rhodiochloride o f Triaminotriethylamine Trihydrochloride. 
2N(C2H 4-NH 2)3, 6HC1, 3RhCl2, 6H20.
A solution of 1-5 grms. of triaminotriethylamine trihydrochloride was 
added to an equimolecular quantity  (3-21 grms.) of sodium rhodiochloride 
(Na3RhCl6, 9H20) dissolved in 100 c.c. of water. A pink and apparently 
amorphous precipitate separated a t once, and after standing for five minutes 
was filtered and well washed with water, alcohol and ether. I t  was then dried 
in  vacuo and obtained as a fine salmon-pink powder. Although this preparation 
was repeated several times, on only one occasion was the product obtained 
crystalline, when the precipitated material, on standing unfiltered for five hours, 
was slowly converted into beautiful garnet-red crystalline scales. The 
rhodiochloride thus obtained has an abnormal composition, since the rhodium 
acts as a divalent metal. (Found: C =  12-71, 12-72, 12-36;  H  =  4-72,
4-84, .4-76;  CJ =  37-30, 37-24;  H 20  =  9-74, 9-78. C12H 540 6I78Cl12Rh3 
requires C =  12-63 ; H  =  4-77 ; Cl =  37-30 ; H 20  =  9-48 per cent.) The 
anhydrous material shrinks in bulk a t  257°, swells up into a pale yellow mass 
a t  260°, and finally melts to a pale brown liquid a t 280°.
When the trihydrochloride of the base is added to one-half or to twice the 
above proportion of sodium rhodiochloride, the same salmon-pink product is 
produced. (Found : using one-half the equimolecular quantity of the rhodio­
chloride, C =  12-43;  H = 4 - 7 3 :  using twice the equimolecular quantity , 
Cl = 3 7 - 0 1  p e rcen t.)  ~
Rhodiochloride of the Tetrahydrochloride. N(C2H 4N H 2)3, 4HC1, 2RhCl2.
Several attem pts were made to  prepare a co-ordinated derivative of rhodium 
with triam inotriethylam ine by boiling the previous rhodiochloride with a solu­
tion of the free base or its trihydrochloride. Such experiments led always to 
the decomposition of the rhodiochloride, and were eventually abandoned ; they 
resulted, however, in the preparation of a rhodiochloride of the base, in which
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the la tter acts as a tetramine and the rhodium again as a divalent metal. Thus 
* 5-0 grms. of the former rhodiochloride, 2N(C2H 4N H 2)3, 3HC1, 3RhCla, 6H 20, 
were boiled with 35 c.c. of water for five hours under reflux. The rhodio­
chloride rapidly decomposed, and a fine black precipitate containing 
rhodium separated. The solution was filtered, and on cooling deposited a 
second small crop of the black powder. The solution, now of a very pale pink 
colour, was again filtered, and evaporated to small bulk. On cooling, 'there 
separated a yellowish-grey deposit, which when once precipitated became 
quite insoluble in water. This m aterial was filtered, washed repeatedly with 
boiling water, then with alcohol and ether, and then dried. If the original 
aqueous solution is concentrated too far before cooling, this product separates 
mixed with a viscous gum, which renders further treatm ent very difficult. 
The rhodiochloride is thus obtained as a pale yellowish-grey amorphous powder 
which remains unchanged on heating to 300°. (Found : C =  11*21, 11*20 ; 
H  =  3*48, 3*40. C6H 22N4Cl8R h 2 requires C =  11*26; H  =  3 • 47 per cent.)
Rutheniochloride of the Tetrahydrochloride. N(C2H 4N H 2)3, 4HC1, 2RuCl3, 2H 20.
An aqueous solution of the trihydrochloride was added to  a considerable 
excess of a dilute solution of ruthenium chloride in hydrochloric acid, when a 
fine reddish-brown amorphous precipitate rapidly separated. The solution 
was then placed in  a warm water-bath for about one minute, and well stirred. 
The precipitate redissolved and fine crystalline scales separated from the 
solution. The latter was immediately withdrawn from the w ater-bath and 
rapidly filtered, when i t  continued to deposit the crystalline scales until cold. 
Very great care is required to  atta in  the conditions necessary for the conversion 
of the amorphous to the crystalline product. If the ruthenium  solution is too 
concentrated, or if the m ixture is not heated sufficiently, the amorphous precipi­
ta te  forms a slimy reddish-black p ro d u c t; if the m ixture is heated too long or 
to too high a tem perature, the precipitate decomposes to a fine black granular 
mass, and the solution becomes deep brownish-black in colour. The crystalline 
precipitate, when filtered, washed with water, and dried in  vacuo, is obtained 
in minute bronze-coloured crystals, which when heated slowly darken in colour 
to  a black mass, which does not melt below 280°. (Found : G =  9*76; H  =  
3*55; Cl =  47*33. C6H 26O2N4C110R u 2 requires C =  9*67 ; H  =  3*52 ;
Cl =  47*64 per cent.) In  this compound the amine acts as a tetracidic 
base : the composition of the rutheniochloride is therefore strictly parallel to 
th a t of the rutheniochlorides of the mono- and di-acidic bases prepared by 
Gutbier (‘ Zeit. anorg. Chem.,’ 1923, vol. 129, p. 86), who found th a t  quinoline
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and ethylenediamine, for example, give rutheniochlorides of composition 
4C9H 7N, 4HC1, 2RuC13, and 2C2H 4 (NH2)2, 4HC1, 2RnCl3 respectively.
Platinochloride of Triaminotriethylamine Trihydrochloride. 
2N(C2H 4NH2)3, 6HC1, BPtCl2, 3H20.
This compound was prepared for use in the further preparation of co-ordinated 
derivatives of the base and divalent platinum, but its use was subsequently 
abandoned in favour of th a t of potassium platinochloride. An aqueous solu­
tion of the trihydrochloride was shaken for several hours with an excess of 
freshly precipitated silver platinochloride ; the mixture was then filtered, and 
the clear red solution diluted with alcohol. A pink emulsion was thus produced 
which passed freely through filterpaper, but when chilled in ice-water for two 
hours slowly deposited pink crystalline flakes. These were filtered, and 
recrystallised from a little hot water, from which the platinochloride separated 
in deep red crystalline leaflets. (Found : C =  10 • 60 ; H  =  3 • 55 ; P t =  42 • 85 ; 
C12H 480 3N8Cl12P t3 requires C =  10-60, H  =  3-56, P t — 43-13 per cent.)
Platinichloride o f Triaminotriethylamine Trihydrochloride.
2(NC2H 4N H 2), 6HC1, 3PtCl4, 10H20.
R istenpart describes an anhydrous platinichloride of the above type as crystal­
lising in six-sided plates, which shrink a t 250° and melt with decomposition a t 
280°. The compound of the above composition was prepared by slowly adding 
a solution of the trihydrochloride to a solution of pure sodium platinichloride 
(Na2PtCl6, 6H 20), when a crystalline precipitate rapidly separated. The 
la tter wTas filtered, washed with water and alcohol a n d . dried in air. The 
platinichloride of the trihydrochloride is thus obtainedin orange-coloured needles. 
I t  is paler in colour than  th a t of the tetrahydrochloride, and is only slightly 
soluble in cold water. (Found: C = 8 - 5 5 ;  H = 3 - 6 3 ;  P t  =  34-41;  H 20  =  
10-73. C12H 62Oi0N8Cli8P t3 requires C =  8-46 ; H  — 3-67 ; P t =  34-41 ; 
H 20  =  10-58 per cent.) The anhydrous material darkens in colour a t 225° and 
melts, with decomposition and foaming, a t 231-232° ; i t  therefore differs 
markedly from R istenpart’s anhydrous product. If in the preparation either 
of the two solutions contains any free hydrochloric acid, the platinichloride is 
always contaminated with th a t of the tetrahydrochloride described below.
Platinichloride of the Tetrahydrochloride. N(C2H 4N H 2)3, 4HC1, 2PtCl4, 10H2O.
If a solution of the trihydrochloride is added to a solution of an excess of 
pure chloroplatinic acid (HPtCl6.6H20), or if a solution of the tetrahydro-
4  5 5 F. G. Mann and Sir W. J. Pope.
chloride is added to th a t of chloroplatinic acid containing much hydrochloric 
, acid, the platinichloride of the tetrahydrochloride is in both cases precipitated 
as a fine powder, which when recrystallised from hot water separates in deep 
orange-coloured crystals. The latter lose their water of crystallisation when 
heated in vacuo a t 80° ; when heated above 80° the compound undergoes 
partial decomposition with darkening in colour and considerable loss in weight. 
(Found : For product from trihydrochloride and pure chloroplatinic acid : 
C =  6*79, 6-87;  H = 3 - l l ,  3-04;  Cl =  39*98 ; P t =  36-87, 36-70 ;
H 20  =  8-62. For product precipitated in excess of hydrochloric ac id : 
0 = 6 - 8 8 ,  H  =  3-07, 01 =  40-28, P t =  37-19, 36-70. C6H 3205N4Cl12P t2
requires 0 = 6 - 8 2 ;  H  =  3-05 ; Cl =  40-28.; P t  =  36-96 ; H aO = 8 - 5 3  
per cent.) The anhydrous m aterial is very hygroscopic, darkens in  colour a t 
260° and melts with decomposition to  a voluminous black mass a t 271-273°.
The Metallic Co-ordinated Derivatives of Triaminotriethylamine.
In  the formulae given below the contraction “ tren ” is used to denote one 
molecule of triaminotriethylamine, £.e. N(C2H 4N H 2)3.
Co-ordinated Derivatives of Tetravalent Platinum.
Diehlorotriaminotriethylamine-platinic-dichloride, [Cl2P t tren] Cl2.
This compound is best prepared by the action of an  excess of triam ino- 
triethylamine trihydrochloride on the platinichloride of the tetrahydrochloride 
described above. The platinichloride (12 grms.) and the trihydrochloride of 
the base (12 grms., i.e., four molecular proportions) are dissolved in 240 c.c. 
of hot water, and the clear solution boiled under reflux for 14 hours, by the 
end of which time a fine deposit of the co-ordinated compound has separated. 
W ater (90 c.c.) is now added, and on heating the solution again becomes clear ;. 
after boiling for a further two hours, the solution is filtered hot, and on cooling 
deposits dichlorotriaminotriethylamine-platinic-dichloride as a yellowish-orange 
powder. This is recrystallised from hot water (80 c.c.), and from the filtered 
solution the dichloride separates as dense orange-coloured crystals (2-9 grms.) 
(Found: C =  14-73;  H = 3 - 7 6 ;  P t =  40-36, 40-24, . 40-26, ionised
Cl =  14 • 39, to ta l Cl =  29 • 45. C6H 18N4Cl4P t requires C =  14 • 90, H  =  3 • 75 ; 
P t =  40-39 ; ionised Cl =  14-67, to tal Cl =  29-35 per cent.)
If the triaminotriethylamine trihydrochloride and the platinichloride are . 
heated together in hydrochloric acid (1 :1  by volume) no reaction occurs, and 
even after 20 hours’ boiling the platinichloride crystallises out unchanged on 
cooling. If, on the other hand, the solution of the trihydrochloride is neutralised
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with the calculated quantity of normal caustic soda solution, decomposition 
occurs on warming with production of a brownish black solution.
The dichloride when rapidly crystallised from warm water separates in 
small heavy pale orange crystals, which darken in colour a t about 240° and 
melt with foaming a t 263-266°. If the concentration of the solution is such 
th a t the crystallisation occurs slowly over a period of about 24 hours, the 
dichloride separates in well-defined bunches of pale yellow characteristically 
heart-shaped twins. The mother liquor from such a preparation when allowed 
to stand in a closed vessel for several weeks deposits heavy many-sided (almost 
spherical) dark orange crystals, which are probably formed by repeated 
twinning of the pale yellow form ; both melt with decomposition a t 263-266°. 
The dichloride is freely soluble in hot water, slightly so in cold water, and 
insoluble in boiling alcohol and acetone ; i t  can also be prepared, although 
in smaller yield and of less purity, by adding an excess of the trihydrochloride 
directly to a solution of chloroplatinic acid, and boiling the mixture for several 
hours.
Dichlorotriaminotriethylamine-platinic di-iodide, [Cl2P t tren] I 2.
A warm aqueous solution of the dichloride is slowly added to potassium 
iodide solution saturated in the cold and heated to 80°, when the mixture 
becomes reddish-brown and deposits deep red crystals. These when filtered 
off and recrystallised from hot water, yield the dichlorotriaminotriethylamine 
platinic di-iodide in minute dark red crystals, which when dry darken in colour 
a t 225° and decompose to a black mass a t 233-237°. (Found : P t =  29-14, 
C6H 18N4C]2I2P t requires P t =  29-29 per cent.)
Dichlorotriaminotriethylamineplatinic platinichloride, [Cl2P t tren] PtCl6, 2H 20.
Crystalline flakes of the platinichloride are rapidly deposited when a warm 
aqueous solution of the dichloride is added to excess of warm chloroplatinic 
acid solution. On filtering, washing with water and drying in the air, the 
platinichloride is obtained in orange-brown crystalline flakes, which darken 
in colour a t  275° and melt to a black mass with foaming a t 287-288°. (Found : 
C =  8-39 ; H  =  2-71 ; P t  =  45-37. C6H 2202N4Cl8P t2 requires C =  8-41;  
H = 2 - 5 9 ;  P t =  45-58 per cent.)
Dichlorotriaminotriethylamineplatinic platinocyanide, [Cl2P t tren] P t (CN)4.
When warm solutions of the dichloride (1 grm. in 30 c.c.) and potassium 
platinocyanide (2 grms. in 15 c.c.) are mixed a faint opalescence develops, and
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after two to three hours long colourless needles of the pure platinocyanide are 
deposited. These dissolve with difficulty in hot water, but partial solution 
occurs on boiling for several minutes with water. This solution on filtering 
deposits the platinocyanide in two distinct types of crystal, viz., in long white 
needles and in minute canary-yellow crystals. Analysis indicates th a t these 
two forms have the same composition, so th a t the difference is probably due to  
dissimilar crystalline habit, in which respect the platinocyanide closely resembles 
the dichloride itself. The colourless needles of the platinocyanide darken a t 
225°, but the pale grey residue does not melt below 300°. (Found : C =  16-85 ; 
H  =  2-64;  P t =  54-66. C10H 18N8Cl2P t requires C =  16-87;  H = 2 - 5 5 ;  
P t =  54*87 per cent.)
Co-ordinated Derivatives of Divalent Platinum.
Triaminotriethylamineplatinous platinochloride, [P t tren] PtCl4.
Triaminotriethylamine trihydrochloride (0-9 grm.) is dissolved in water 
(10 c.c.) and the acid neutralised by adding normal caustic soda solution 
(11-15 c.c.). This solution is added to two molecular proportions (3 grms.) 
of potassium platinochloride dissolved in warm water (20 c.c.) and the m ixture 
shaken for seven hours. A pale rose-grey amorphous precipitate slowly 
separates,-and is filtered from the ruby-red mother liquor, washed with water, 
alcohol and ether and dried in vacuo. Triaminotriethylamineplatinous 
platinochloride is thus obtained as a very pale pink amorphous powder, which 
shrinks a t 265° with gradual darkening in colour, giving a charred residue 
melting a t 270-275° ; i t  is insoluble in cold or hot water. (Found : C =  10 -45 ; 
H  =  2 • 90 ; P t =  57-44. C6H 18N4Cl4P t2 requires C =  10-61;  H  =  2-67;  
P t =  57-54 per cent.)
Triaminotriethylamineplatinous di-iodide, [P t tren] I 2.
The above insoluble platinochloride is formed from the free base with excess 
of potassium platinochloride. If, however, the amine itself is in excess, the 
platinochloride, which is first precipitated, reacts further with the base, all the 
platinum becoming co-ordinated with the amine. Potassium platinochloride 
(4 grms.) dissolved in warm water (20 c.c.) is added to two molecular proportions 
(5 grms.) of triaminotriethylamine trihydrochloride in the equivalent volume 
(58-7 c.c.) of normal caustic soda solution. On heating on the water-bath, 
the triaminotriethylamineplatinous platinochloride separates and slowly 
redissolves until after about three hours a clear, colourless solution results,
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Only minute quantities of solid product are obtained by partly evaporating this 
solution, but after concentrating to one-third of the original volume and adding 
it  a t boiling tem perature to an equal volume of hot potassium iodide solution 
(saturated in the cold), a heavy white powder separates on cooling. This is 
filtered, washed with water, in which it  is appreciably soluble when freshly 
prepared, then with alcohol and ether and dried in vacuo. The hydrated 
di-iodide [P t tren] I 2, 2H 20, is thus obtained as a fine white powder ; when 
precipitated in the cold by adding potassium iodide solution to th a t of the 
platinum  compound, separated as described above, and preserved in vacuo 
over phosphoric anhydride, it  yields the pale cream-coloured anhydrous 
di-iodide. In  each case the yield is low. (Pound : For the hydrated di-iodide, 
1 =  40-23, 40-01. C eB ^C ^N ^P t requires 1 =  40-23. For the anhydrous 
di-iodide, C =  11-91 ; H  =  3-14 ; P t =  32-64. C eH igN ^P t requires C =  
12-10 ; H  =  3-05;  P t  =  32-79 per cent.) The anhydrous salt darkens a t 
260° and melts with decomposition a t 267-269° ; the hydrated compound swells 
a t about 120° and has then the same melting-point as the anhydrous di-iodide. 
Although the iodide when freshly precipitated will redissolve in the mother 
liquor on warming, i t  is only slightly soluble in boiling water after drying, and 
from the solution so obtained the di-iodide usually separates as a sticky film 
which only slowly solidifies.
Action of Triaminotriethylamine Trihydrochloride on Magnus’s Green Salt.
I t  was considered possible th a t an excess of amine, on prolonged boiling with 
tetrammino-platinous platinochloride [P t (NELJJ PtCl4, would displace the 
ammonia and co-ordinate with both the atoms of platinum. Magnus’s salt 
(4 grms.) was therefore added to four molecular proportions (3-4 grms.) of the 
trihydrochloride dissolved in water (60 c.c.), and the whole boiled under reflux 
for eight hours, when some of the Magnus’s salt remained unchanged, whilst 
much metallic platinum  had been precipitated. After filtration the pale 
yellow solution deposited on cooling fine yellow needles of the trans-compound, 
platosammine chloride [P t (N B ^ C y .  (Found: P t =  64-60. H 6N 2Cl2P t 
requires P t =  65-01 per cent.) The dichlorodiammino-platinum probably 
resulted from the decomposition of the Magnus’s salt, the amine taking no part 
in  the reaction.
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The terms asymmetry and dissymmetry, as 
applied to the molecular configuration of optically 
active compounds, seem to  the student of crystallo­
graphy to be often misused in modem chemical 
lite ra tu re ; the misuse of these words, and the 
assumption th a t they have the same meaning, 
appear frequently to lead to  an obscured view of 
the historical development of stereochemistry and 
to a confused statem ent of the present issues.
The history of the subject under consideration 
may be introduced by a conclusion drawn by Pasteur 
in 1848 ; after a discussion concerning the crystalline 
form and the optical activity of the tartrates he 
a sk s :—“ Is i t  no t now evident th a t the property 
of deflecting the plane of polarisation which certain 
molecules possess has for immediate cause, or is a t 
least connected in the closest possible manner with, 
the dissymmetry of those molecules ? ” (Compt. 
rendus., 1848, 26, 538). Many years later Pasteur 
observed:—
“ Nous savons en effet, d ’une part, que les arrange­
m ents moleculaires des deux acides tartriques sont 
dissymetriques et, de 1’autre, qu’ils sont rigoureuse- 
m ent les memes, avec la seule difference d ’offrir des 
dissymetries de sens opposes. Les atomes de l’acide 
droit sont-ils groupes suivant les spires d’une helice 
dextrorsum, ou places aux sommets d ’un tetraedre 
irregulier ou disposes suivant tel ou tel assemblage 
dissymetrique determine ? Nous ne saurions re- 
pondre a ces questions. Mais ce qui ne peut etre 
l’objet d ’un doute, c’est qu’il y  a groupement des 
atomes suivant un ordre dissymetrique a image 
non superposable. Ce qui n ’est moins certain, 
c’est que les atomes de l ’acide gauche realisent 
precisement le groupement dissymetrique inverse 
de celui-ci ” (Lemons de Chimie, Paris, 1861, 24).
These two quotations might be reinforced by many 
others all showing th a t throughout his active life 
Pasteur ascribed the optical activity of organic 
compounds in the amorphous state to a dissymmetry 
in their molecular configuration. I t  would seem 
th a t the word “ dissymetrie ” was new to the French 
language in 1848 ; it  is consequently necessary to 
learn why Pasteur decided th a t no available word 
expressed his meaning and took the course, bold 
in France, of inventing a new one.
Pasteur was an accomplished erystallographer 
and thus well'aware th a t pairs of enantiomorphously 
related polyhedra could exist which still retained 
definite elements of geometrical sym m etry ; he 
would certainly not describe such polyhedra as 
asymmetric, namely, as devoid of all elements of 
symmetry. The prefix of the word dissymmetry 
is derived from the early Latin dvis, which assumed 
the later forms of duo (two) and dis (apart or 
separate) ; the word “ dissymetrique ” conveyed to  
the classically educated Frenchman an attribute of 
a figure, not necessarily asymmetric or devoid of 
symmetry, but possessed of so few elements of 
symmetry as still to be capable of existing in two 
enantiomorphously related configurations. Pasteur 
thus classed together those hemihedral and tetarto- 
hedral subdivisions of the seven large crystal systems 
which are enantiomorphous, and described them as 
possessed qf “ une dissymetrie que j ’ai caracterisee 
par l’expression hemihedrie non superposable ” 
(Compt. rendus., 1886, 42, 1259) ; i t  was to  a corres­
ponding dissymmetry of molecular configuration th a t 
he attributed the immediate cause of the optical 
activity of such substances as d-tartaric acid. Since 
Pasteur’s early work the optical rotatory power of 
amorphous substances has been invariably ascribed 
to dissymmetry of molecular configuration.
In  1874 van’t  Hoff and Le Bel noted th a t the 
presence of one or more “ asymmetric ” carbon 
atoms could be detected in the chemical molecule 
of every organic compound, optically active in the 
amorphous state, of which the chemical constitution 
was known. They made it  clear th a t the optical 
activity was not to  be ascribed to the presence of 
an asymmetric carbon atom, b u t th a t the latter 
was merely a convenient geometrical device for 
the detection of potential optical activity, or, as 
Pasteur would have said, of dissymmetry of molecular 
configuration. B ut the optical activity can in no 
sense be ascribed to the presence Of an asymmetric 
carbon a t o m ; the first is the invariable result, and 
the second is the frequent sign, of dissymmetry of 
molecular configuration. Different degrees of dis­
symmetry were recognisable among optically active 
substances containing asymmetric carbon atoms. 
Thus the molecular configuration of d-lactic acid is
dissymmetric and also asymmetric because it  possesses 
no elements of geometrical symmetry ; th a t of d-ta r­
taric acid is dissymmetric bu t not asymmetric 
because an axis of twofold symmetry is present 
in its conventional representation.
A very definite and conclusive case in which 
optical activity is associated with the presence of 
an asymmetric quinque valent nitrogen atom was 
found in the benzylphenylallylmethylammonium 
iodide resolved by Pope and Peachey {Trans. Chem. 
Soc., 1899, 75,1127), and cases of asymmetric atoms 
of other elements similarly associated with optical 
activity were then quickly discovered. During the 
last thirty  years the trend of organic chemistry has 
been largely towards visualising the problems pre­
sented by reactions and constitution as depicted in 
three-dimensional space ; this tendency has been 
materially supported by the modem study of 
molecular dissymmetry of optically active compounds.
Until 1909 the presence of an  asymmetric atom, 
either of carbon or some other element, had been 
recognised in the molecular configuration of all 
optically active compounds. In  th a t year the more 
general case of an optically active compound con­
taining no asymmetric carbon atom bu t possessing 
optical activity by reason of its dissymmetric, and 
indeed asymmetric, molecular configuration was 
realised by Perkin, Pope and Wallach in the synthesis 
and resolution of Z-methylcycfohexylidene-4-acetic 
acid {Trans. Chem. Soc., 1909, 95, 1789; 1911, 
99, 1510)
CH3V ,COOH
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I t  will be seen th a t the above statem ent of the 
development of the subject is quite a t variance 
with th a t recently published by Dr. J . D. Main 
Smith {J. Chem. Soc., 1925, 127, 1682) ; in fact, 
the point of view taken, and practically all the 
conclusions stated, by this author in the intro­
ductory paragraph, twenty-six lines long, of his 
paper, seem to us erroneous. Thus, it  is not possible 
to  discern in the molecule of 1-methylcycZohexylidene-
4-acetic acid “ a central or nuclear atom about which 
the asymmetry of the molecule is focussed.”
In  1911 Werner published the first of m any pieces 
of remarkable stereochemical work in which he 
demonstrated the optical activity, and hence mole­
cular dissymmetry, of a number of co-ordinated 
metallic compounds: it is n o t correct to  say th a t 
Werner’s demonstration of resolution of tfnethylene- 
diaminecobaltic salts into enantiomorphously related 
components “ led him to abandon the conception 
th a t optical activity is due to the presence' of 
‘ asymmetric atoms ’ and to attribute optical activity 
to molecular asymmetry.” Pasteur had long before 
attributed optical activity to molecular dissymmetry * 
of which molecular asymmetry is a special case. 
Further, the co-ordinated group in the tfnethylene- 
diaminecobaltic, salts does not possess molecular 
asym m etry; it  : is dissymmetric and possesses, 
according to the Werner formulation, one axis of 
three-fold symmetry and three axes of two-fold 
Symmetry,
W erner’s brilliant stereochemical work strongly 
supported his previously expressed views concerning 
the molecular configuration of co-ordinated metallic 
groups; all the main experimental results hitherto 
obtained agree with his conception of the octahedral 
environment of the metallic atom when the co-ordina­
tion number is six and the rectangular environment 
when this num ber is four. Precisely for this reason 
i t  would seem th a t conclusions of importance should 
result from the extension of the experimental work 
to  co-ordination compounds in which poly-amines, 
containing three, four, five, six or more amino- 
groups in the molecule enter the com plex; the 
types of symmetry and dissymmetry can be easily 
foreseen on the basis of Werner’s theory, and even 
more conclusive experimental evidence might be 
obtained as to the accuracy of the octahedral and 
rectangular configurations now assigned.
W ith this in view we undertook a comprehensive 
investigation for the purpose of preparing polyamines, 
concerning which little is known, and studying their 
co-ordination compounds with the metals. In  the 
first place, a method for obtaining 1 : 2 :  3-triamino- 
propane in quantity  was worked out and compounds 
-of the type of fo'spropanetriaminecobaltic chloride, 
[Co p tn2]* Cl3, were obtained (Mann and Pope, Proc. 
Boy Soc., 1925, 107 A, 80) ; the salts obtained ip 
the case of cobalt and rhodium were obviously single 
substances, and we pointed out th a t the co-ordinated 
group could exist in three isomeric forms, one of 
which should be resolvable into optically active 
compounds. I t  was shown th a t the three isomerides 
should be of two distinct ty p e s : in two isomerides 
the propane residues should be bent a t  60° about 
the centre carbon atom so th a t the three amino- 
groups become attached to three comers of a 
triangular octahedron f a ce ; one of these two 
isomerides should be resolvable into optically active 
components. In  the second type, consisting of 
one salt, the propane residue should be bent a t 90° 
about the centre carbon atom so th a t the amino- 
groups are attached to  three corners of the square 
Cross-section of a cube plane of symmetry with the 
regular octahedron. This compound will be non- 
resolvable provided th a t the two triamifiopropane 
molecules are themselves each placed symmetrically 
to two cube planes of symmetry. The two types 
of isomerides may be expected to be of quite 
different orders of stability because in the first the 
propane residue has to accommodate itself to  the 
60° angle of an octahedron face andv in the second 
to the 90° angle of the square cross-section. Work 
is in hand for the purpose of elucidating these 
several points.
We next prepared triaminotriethylamine, 
N(CH2.CH2.NH?)3 (Fistenpart, Ber., 1896, 29, 2530), 
and examined its mode of co-ordination. Although 
the tertiary  nitrogen atom  is b u t feebly basic, this 
compound behaves for purposes of co-ordination as 
if it contained four prim ary amino-groups ; several 
types of co-ordination compound have been prei 
pared and of these the following may be mentioned. -.
* T h e sy m b o l “ p t n ” represents one m olecu le  of pro- 
p an etr iam in e. • -
3W ith the divalent metals of co-ordination number 
four, viz., platinum, palladium and nickel, salts of 
the type (1) have been p repared : here the symbol 
“tren ” is used to denote one molecule of the base.
(1) [P t tren] I2 [Ni tren] (SCN)2
If these substances have the configuration 
assigned to  them  by Werner’s theory, the four 
nitrogen atoms should be placed a t the comers 
of a square of which the centre is occupied 
by the metallic atom ; two of the ethane 
residues should thus bridge two sides of the square, 
whilst the th ird  should span the longer distance 
represented by the diagonal of the square. A con­
siderable distortion of the triaminotriethylamine 
molecule appears to be involved in the formation 
of this configuration.
In  the case of metals with the co-ordination 
number six, salts of the types (2) and (3) have been 
obtained.
(2) [P t tren CyClg (3) [Nig tren3]I4
In  compounds of type (2) each aminoethyl group 
in conjunction with the tertiary  nitrogen atom 
bridges the distance between two adjacent apices 
of the octahedral complex, the amine thus again 
consisting of three bridging groups all of which 
have one end in common, viz., the tertiary  nitrogen 
atom. The compounds of type (2) would not be
expected to exist in the dissymmetric molecular 
configurations, bu t those eof type (3) should be 
capable of resolution into optically active com­
ponents if each of the two metallic atoms is the 
centre of an octahedral environment as premised by 
the Werner mode of formulation.
We have also prepared triaminotripropylamine, 
N(CH2.CH2.CH2.NH2)3, a compound in which the 
tertiary  nitrogen is far more strongly basic than 
th a t in the corresponding ethyl base. W ith divalent 
metals of co-ordination number four, triam inotri­
propylamine also gives salts of type (1) :—
[Ni trpn](SCN)2.
The symbol “ trp n  ” here indicates one molecule of 
the base.
We are now occupied with the study of the stereo­
chemistry of the compounds mentioned above and 
with the determination of their molecular w eights; 
further, we have in hand the preparation of a number 
of other amines, with a basicity of three and more, 
with a view to extending the application of the 
Werner theory to the co-ordination compounds of 
such bases. Sufficient has been said above to  show 
th a t im portant information may be expected to 
accrue from our plan of introducing as co-ordinating 
groups amines with a basicity higher than  two, 
the limit reached by previous workers in this field.
W . Speaight & Sons, L td ., Prin ters, 98 &  99, F etter Lane B.C.
i
Reprinted from the Journal of the Chemical Society, 1928.
L X II.—The Complex Salts of {3ft'fi"-Triaminotriethyl­
amine with Nickel and Palladium.
By Frederick George Mann and William Jackson Pope.
We have already shown (Proc. Boy. Soc., 1925, A, 109, 444) th a t 
(3 [3' (3'' -triaminotriethylamine may act as a tetra-acidic or a triacidic 
base, according as the tertiary  nitrogen atom exerts or does not exert 
its basicity. The compound thus gives a tri- and a tetra-hydro- 
chloride, and also two platinichlorides,
2N(CH2-CH2-NH2)3,6HCl,3PtCl4,10H2O (I) 
and 2N(CH2*CH2rNH2)3,8HCl,4PtCl4,20H2O (II), two aurichlorides 
and two rhodiochlorides. When, however, the base co-ordinates 
with metals, it  acts solely as a tetramine, and two new types of 
complex salts were described : thus bivalent platinum of co-ordin­
ation number 4 furnishes triaminotriethylamineplatinous iodide, 
[P t tren]I2 (III), whilst quadrivalent platinum  of co-ordination 
number 6 gives dichlorotriaminotriethylamineplatinic chloride, 
[Pt tren C12]C12 (IV). In  these formulae, the symbol “ t r e n ” 
denotes one molecule of the base.
The complex compounds which the base furnishes with nickel 
have now been prepared, and fall into two distinct classes. I t  is 
known th a t bivalent nickel may show a co-ordination number of 4 
or 6, furnishing, for example, tetramminonickel sulphate (V) and 
hexamminonickel iodide (VI).
(V.) [M(NH3)4]S04 (VI.) [M(NH3)6]I2
(VII.) [N itren]S04 (VIII.) [Ni2tren3]I4
Triaminotriethylamine similarly gives triaminotriethylaminenickel- 
ous sulphate (VII) and tristriaminotriethylaminebisnickelous tetra- 
iodide (VIII) : these two compounds are of the same general type 
as (V) and (VI) in th a t the metal shows a co-ordination number of 
4 and 6 respectively, although in the latter class three molecules 
of the tetram ine distributed between two atoms of nickel are required 
if the metal is to  show a co-ordination number of 6.
Each of these two classes of complex nickel compounds possesses 
distinct points of interest. We have pointed out (loc. cit., p. 446) 
that in compounds of the type of triaminotriethylamineplatinous 
iodide (III), it  m ight be expected th a t less strain on the amine 
molecule would result if two molecules of the base shared two atoms 
of the metal, thus giving a  compound of the type [P t2tren2]I4. 
The same applies to  triammotriethylaminenickelous sulphate (VII), 
a compound which by virtue of its high solubility in water lends 
itself to further investigation. Molecular weight determinations
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show, however, th a t the sulphate has the normal composition denoted 
by formula (VII), and th a t one molecule of the base can actually 
satisfy one atom of the m etal; conductivity measurements point 
to the same conclusion.
W ith regard to the compound of co-ordination number 6, tris- 
triaminotriethylaminebisnickelous tetraiodide (VIII), it  is difficult, 
to  see how this complex, composed of three molecules of the base: 
arranged around the two nickel octahedra, can be other than  dis­
symmetric ; all attem pts to resolve the tetraiodide, however, proved, 
fruitless, possibly owing to  the rapid racemisation of the active- 
complex.
The base has also been co-ordinated with bivalent palladium to  
give triaminotriethylaminepalladious iodide, a compound precisely 
similar to  the platinous iodide (III).
Triaminotriethylamine thus furnishes three distinct types of 
complex compound, one with bivalent metals of co-ordination num- 
ber 4, e.g., compounds (III) and (VTI), and two with metals of 
co-ordination number 6, e.g., compounds (IV) and (VIII). These 
are the first complex compounds to  have been prepared with a te tr­
amine ; they are, moreover, the first compounds to  be described in. 
which an aliphatic tertiary  nitrogen atom occupies a co-ordination 
position.
E x p e r i m e n t a l .
Preparation of Triaminotriethylaminenickelous Thiocyanate ancli 
Tristriaminotriethylaminebisnickelous Tetraiodide.— 1$ickel sucein- 
imide, [Ni(N!C20 2IC2H4)22H20],6H 20  (Tschugaev, Ber., 1906, 39, 
3197) forms an excellent starting point for the preparation of the 
co-ordinated derivatives of the metal, since the succinimide residues, 
are easily replaced by aliphatic amines. A mixture of triam ino­
triethylam ine trihydrochloride (32*5 g.) and 33% aqueous caustic; 
soda solution (40-0 c.c.) is therefore warmed on the water-bath untiL 
sodium chloride alone remains undissolved. The m ixture is poured 
into a hot solution of nickel succinimide (25-0 g.) in alcohol (750 c.c.). 
The green solution changes rapidly to  blue and is boiled gently fo r 
30 minutes. I t  is cooled, the precipitated sodium chloride filtered 
off, and the solution then evaporated gently on the water-bath with 
the occasional addition of water until it  is free from alcohol and of 
about 60 c.c. in volume. The solution, now of a  deep blue, contains- 
a mixture of the two complex ions [Ni tren]*’ and [Ni2tren3]‘'**;. 
these can be isolated readily as the thiocyanate and tetraiodide,. 
respectively. If the solution is poured into a warm strong solution, 
of potassium thiocyanate, the thiocyanate separates as a pale blue 
powder or deep blue crystals according to the concentration of the  
nickel solution; if the original solution is poured into hot strong,
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potassium iodide, the tetraiodide separates as a reddish-violet 
powder or deep violet crystals. These two compounds and their 
derivatives will be described in turn.
Triaminotriethylaminenickelous thiocyanate[Ni tren](SCN)2. The 
thiocyanate crystallises with great facility from hot aqueous solution 
in long, very beautiful, deep blue prisms, and two such recrystallis­
ations of the crude product obtained by precipitation with potassium 
thiocyanate furnish the pure thiocyanate. The latter darkens in 
colour a t  260° and melts with decomposition a t  285°; it  is soluble 
in hot, but almost insoluble in cold water [Found : C, 30-1; H, 5-6; 
N , 26*3; ionised (SON), 35*95. C8H 18N 6S2N i requires C, 29*9; 
H , 5*65; N, 26*2; 2(SCN), 36*2%]. Very rarely the thiocyanate 
crystallises in long, narrow, and very th in  
plates : this form is of the same colour as the 
prismatic variety, and differs from it  apparently 
only in crystalline habit.
Mr. J .  W. N otm an of Clare College, working 
under the direction of Mr. A. Hutchinson, F.R.S., 
has furnished the following re p o r t:
“ Triaminotriethylaminenickelous thiocyanate.
■ System, orthorhombic. Class, bipyramidal. 
a :b  : c — 0*736 : 1 : 1*167. The substance occurs 
in fairly well-developed crystals, of elongated 
prismatic habit, of which four were measured.
Forms present: B  {010} m  (110), I {120} observed on one crystal 
only, e {011},/{012}.
Angles
Meas. Calc.
m m 3 110 : 110 = 72° 42'
B m 010 : 110 = 53 33 53° 39'
Bo 010 : 011 = 40 35
ef O il :: 012 = 19 9 19 9
r 012 !: 0 l2  = 60 52 60 32
The crystals were deep blue in colour and, being very opaque, 
did not lend themselves to optical examination. Some exceedingly 
th in  plates obtained in the case of one preparation enabled straight 
extinction to  be determined.”
Both the nickel complexes recorded in this paper are very sensitive 
to acids, and the addition of hydrochloric acid immediately converts 
the deep blue of the  complex into the pale green of the normal 
nickel salt. If  a warm solution of the thiocyanate is treated with 
chloroplatinic acid solution, the normal platinichloride (II) of the 
base is therefore p recip ita ted : if, however, a solution of sodium 
platinichloride is used, triaminotriethylaminenickelous platinic tetra­
chloride dithiocyanate, [Ni tren]PtCl4(SCN)2, is precipitated as a 
russet-brown powder, insoluble in w a te r : i t  shrinks a t 211—213°,
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but does not m elt below 280° (F ound : C, 14-9; H, 2*8; N, 12*8. 
C8H 18N 6Cl4S2N iP t requires C, 14-6; H, 2*8; N, 12*8%).
Triaminotriethylaminenickelous Sulphate, [Ni tren]SQ4,7H2Q.—Hot 
aqueous solutions of the thiocyanate (6-0 g.) and silver sulphate 
(5-82 g.) were mixed, and the product, after gently boiling for 15 
minutes, was filtered and evaporated down to small bulk on the 
water-bath. The concentrated solution on cooling deposited deep 
blue crystals; these were recrystallised from a little hot water, 
filtered, and dried in air. This sulphate, like normal nickel sulphate, 
gives a  series of hydrates. The product obtained as above is the 
heptahydrate (F ound : S 04, 22-7; H 20 , 29-4. C6H 32On N4SNi 
requires S 04, 22*5; 7H20 , 29-5%). The heptahydrate when placed 
over calcium chloride for 24 hours gives the dihydrate as a fine red­
dish-blue powder (Found: C, 21*3; H, 6*6; S04, 28-4. C6H 220 6N4SNi 
requires C, 21-4; H, 6*55; S04, 28-5%). The dihydrate on pro­
longed exposure to calcium chloride, or when heated in a vacuum 
a t 100°, gives the anhydrous sulphate as a pale-blue powder, which 
does not melt below 300° (F ound : S 04, 32*25. C6H 180 4N4SNi 
requires S 04, 31*9%).
If  the anhydrous sulphate has the formula [Ni tren]S04, the 
molecular weight is 300*9, and the “ apparent ” molecular weight' 
in dilute aqueous solution (if ionisation is complete) is 150*4. If, 
however, i t  has the formula [Ni2tren2](S04)2, the molecular weight 
is 601*8, and the “ apparent ” molecular weight 200*6. The results 
actually obtained by the cryoscopic method are as follows, c being 
the concentration of the anhydrous sulphate expressed as g. in 100 g. 
of water :
/* O .d .9 9  1 . ^ 9  1 * 7 0  ^ * 9 3
‘5 A pparent moL w t."’.’. '.* ." . 160 (157*) 173 180 218
* Calculated value, correct to  only tw o significant figures.
These results furnish strong evidence th a t the sulphate has the 
simple formula [Ni tren]S04, and th a t the “ apparent ” molecular 
weight approaches to  150 a t great dilution, and increases with 
increasing concentration as the degree of ionisation falls. If the 
compound possessed the double formula, i t  could not show an 
apparent molecular weight of less than  200. This conclusion is 
confirmed by the close correspondence between the equivalent 
conductivities of normal nickelous sulphate and triam inotriethyl­
aminenickelous sulphate a t  25°.
Vol. (litres) containing 1 g. equiv.
of sulphate .................................  128 256 512 1024
nnryl* /N iS 0 4 .....................  88*2 98*9 109*3 117*4E quiv . c o n d . |[M  tren]SO i ...........  85<9 96.? 106<0 n 9 .a
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The values for nickel sulphate are those given by Franke (Z^ 
physikal. Chem., 1895, 16, 472), those for the tetramine derivative 
have been determined by Mr. A. F. H. W ard of Jesus College and 
Mr. L. F .S .  W ard of Trinity College, to  whom the authors’ thanks, 
are due. - <
Tristriaminotriethylaminebisnickelous Tetraiodide, 
[Ni2tren3]I4,3 |H 20 .
—The crude reddish-violet iodide obtained by precipitation with 
potassium iodide in the original preparation is recrystallised three 
times from hot water, and so obtained in heavy, deep violet crystals : 
if the hot aqueous solution is too concentrated or is chilled too 
rapidly, the tetraiodide separates as an oil which subsequently 
solidifies (Found : C, 18-9; H, 5-4; I, 45-1, 45-1, 45*2; Ni, IQ-4,, 
10-3; H 20 , 5-5. C36H 1220 7N24I 8Ni4 requires C, 19-2; H, 5-5; 
I, 45-1; Ni, 10-4; H 20 , 5-6%). On one occasion when a small 
quantity  of the iodide was rapidly recrystallised from a little hot 
water, the dihydrate separated (Found: C,* 19-5, 19-6; H, 5-2,
5-2; N, 15-15; I, 46-2, 46-0. C18H 580 2N 12I4Ni2 requires C, 19*6; 
H, 5-3; N, 15-3; I, 46-2%). The anhydrous tetraiodide, obtained 
by heating either of the above hydrates in a vacuum a t 110°, is a 
pale violet powder, m. p. 307—309° (decomp.) (Found: I, 47-4. 
C18H 54N 12I4Ni2 requires I, 47-6%).
If, after the crude tetraiodide has been precipitated in the original 
preparation, the filtrate is treated with saturated potassium 'thio­
cyanate solution, triaminotriethylaminenickelous thiocyanate 
separates in fair yield and after two recrystallisations is p u re ; both 
complexes can thus be isolated from the same preparation.
The tetrabromide, [Ni2tren3]Br4, can be obtained in small yield 
by treating the final solution in the original preparation with strong 
sodium bromide solution, or in better yield by treating a saturated 
solution of the tetracamphorsulphonate described later with sodium 
bromide. I t  is obtained on recrystallisation as a pale reddish-blue^ 
anhydrous powder, which does not melt below 290° (Found: H, 6-1 *r 
Br, 36-4, 36-7; Ni, 13-6. C18H 54N 12Br4Ni2 requires H, 6-2; Br,: 
36-5; Ni, 13-4%).
Attempted Resolution of the Tristriaminotrieihylaminebisnickelous 
Complex, [Ni2tren3]***\—The tetra-d-cc-bromocamphor-n-sulphonate, 
[Ni2tren3](C10H 14O4BrS)4. Solutions of 16-0 g. of the tetraiodide 
(3 |H 20) and 23-56 g. of silver d-a-bromocamphor-Tc-sulphonate, each 
in 75 c.c. of hot water, were mixed and the product, after gentle
* T hroughout th is paper, repeated analytical results refer to  analyses of
different preparations of the  compound, and no t merely to  repeated analyses, 
of the  sam e preparation  : th e  figures given for th is d ihydrate are th e  only
exception.
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boiling, was filtered and evaporated until crystals appeared on the 
surface. The solution was now cooled and filtered, and the crystal­
line residue three times recrystallised from water. The anhydrous 
tetra-d-bromocamphorsulphonate was thus obtained as a pale violet, 
crystalline powder, which shrinks a t 180° and melts with decom­
position a t 183—185° (Found : H,* 6-2; Br, 17*8; S, 7-05; Ni, 6-5. 
C58H 110O16N 12Br4S4Ni2 requires H, 6-2; Br, 17-8; S, 7-1; Ni,
6-5%).
The tetrabromocamphorsulphonate is so slightly soluble in water 
"that i t  could not be reconverted by double decomposition into the 
bromide or iodide. The hot aqueous solution was therefore added 
carefully to  a hot dilute solution of sodium picrate, and the 
Mrapicrate, [Ni2tren3](C6H 20 7N3)4,3H20 , precipitated as a fine, 
dark yellow powder, which when filtered, washed with water and 
alcohol, and air-dried melted with decomposition a t 205—206° 
(Found: C, 33*25; H, 4*5; N, 22*2. C42H 680 31N24Ni2 requires 
C, 33T ; H , 4*5; N, 22*1%).
This tetrapicrate was found to be identical in composition and 
melting point with th a t obtained directly from the tetraiodide; 
i t  is only very slightly soluble in boiling water and insoluble in all 
ordinary organic solvents except formamide. No rotation could 
be detected in a 0*5% solution of the picrate in formamide in a 
:2-dcm. tu b e : stronger solutions could not be used owing to  the high 
absorption of light.
The tetra-d-camphor-fi-sulphoTiate, [Ni2tren 3](CJL0H 15O4S)4. Solu­
tions of the tetraiodide (19*0 g.) and silver d-camphor-[3-sulphonate 
(22*8 g.), each in warm water (80 c.c.), were mixed, and the product 
after gentle boiling was filtered and then evaporated until crystals 
appeared in the solution. The latter was cooled and filtered, and the 
crystallised product three times recrystallised from warm water. 
The tetra-d-camphorsidpfionate was thus obtained as a reddish-violet, 
crystalline powder, which shrinks a t  230° and melts a t  233—235° : 
i t  is appreciably more soluble in water than  the corresponding 
bromocamphorsulphonate (Found: H, 7*8; S, 8*9; Ni, 7*95. 
'CggB-n40igN 12S4Ni2 requires H, 7*8; S, 8*7; Ni, 7*9%). A warm 
solution of the camphorsulphonate was mixed with th a t of potass­
ium  iodide, and the crystals which separated on cooling were rapidly 
recrystallised from a little hot water, the pure tetraiodide being thus 
-obtained (Found: I, 45*1%). A 2%  aqueous solution of this 
tetraiodide in a 4-dcm. tube gave no perceptible rotation.
Attem pts to prepare a crystalline ta rtra te  of the complex failed, 
only syrupy solutions being obtained.
* All th e  cam phor derivatives (and certain  others) recorded in  th is paper 
.gave low and irregular values for carbon, b u t satisfactory values for hydrogen.
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Triaminotriethylaminenickelous d-bromocamphorsulphonate,
[Ni tren](Gl0H 14O4BrS)2,2H2O.
Attempts were also made to prepare the above tetra-cZ-bromocam- 
phor-TT-sulphonate by double decomposition of the tetraiodide with 
ammonium d-bromocamphorsulphonate. I t  was found, however,, 
th a t when solutions of the tetraiodide (4 g.) and an excess of the 
ammonium sulphonate (6 g.), each in warm water (20 c.c.), were 
mixed, and the product warmed on the water-bath, ammonia was 
evolved, and crystals soon appeared on the surface. This product 
was twice recrystallised from warm water, and finally obtained as 
beautiful, bluish-violet, crystalline plates. These on analysis proved 
to be triaminotriethylaminenickelous d-bromocamphorsulphonate 
(Found: Br, 18-6; S, 7*5; Ni, 6-65; H 20 , 4-2. C26H 50O10N4Br2S2Ni 
requires Br, 18*55; S, 7*4; Ni, 6*8; 2HaO, 4*2%). Heating in a. 
vacuum a t 110° gives the pale blue, anhydrous product, m. p. 
263—266° (decomp.). The identity of this compound was further 
confirmed by treating its warm aqueous solution with potassium 
thiocyanate solution, when triaminotriethylaminenickelous thio­
cyanate separated, and when once recrystallised was pure (Found: 
N, 25*85%). This degradation of the nickel complex of co-ordination 
number 6 to  th a t of co-ordination number 4 by the action of an 
ammonium salt was found to be general, and to follow presum­
ably the equation [Ni2tren3]X4 +  4NH4X ' =  2[Ni tren]X 2 -j- 
tren 4H X ' -j- 4NH3. I t  is noteworthy th a t the th ird  molecule of the 
tetram ine in the higher complex is evicted but not replaced by the 
ammonia under these conditions, and all attem pts made to  prepare 
compounds having the complex [Ni tren(NH3)2]'* failed. In  the 
particular case of the cZ-bromocamphorsulphonate described above, 
the colours of th e  dihydrate (bluish-violet) and the anhydrous 
product (pale blue) are characteristic of nickel complexes having 
co-ordination numbers of 6 and 4 respectively, and therefore the 
dihydrate has probably the composition
[Ni tren(H 2O)2](C10H 14O4BrS)2.
Triaminotriethylaminepalladious Iodide, [Pd tren]I2.—A warm 
solution of triam inotriethylam ine trihydrochloride (5*4 g.) in 33% 
aqueous caustic soda solution (7*4 c.c.) is added to a solution of 
palladium dichloride (3*0 g.) in hot water (70 c.c.). An amorphous, 
yellow precipitate a t  once appears, b u t redissolves when the solution 
is heated on the water-bath. After heating for 2 hours, the solution 
is evaporated to  small bulk, filtered, and mixed with warm strong 
potassium iodide solution. The cream-coloured precipitate is 
filtered off, and recrystallised from much hot water, in which the 
iodide is only moderately soluble. The triaminotriethylamine- 
palladious iodide is thus obtained as a fine, cream-coloured powder,
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which after drying over sulphuric acid darkens in colour a t 220° and 
melts a t  224—226° (decomp.) (Found : C, 14-1; H, 3-9; I , 49-6; Pd, 
20-9. C6H 18N4I2Pd requires C, 14-2; H , 3*6; I, 50*1; Pd, 21*1%).
If instead of adding potassium iodide to the above solution, the 
la tter is chilled, made just acid with hydrochloric acid, and treated 
w ith an excess of dilute palladium dichloride solution, a fine dark 
brown precipitate separates. The latter redissolves if the solution 
is warmed, and on filtering and cooling, long, chocolate-coloured 
needles separate. These crystals decompose largely if an attem pt 
is made to  recrystallise them  from boiling water, and their identity 
is therefore uncertain ; they would appear to  be triaminotriethylamine- 
'palladious palladiochloride, [Pd tren]PdCl6,H20 , and owe their 
formation presumably to  partial atmospheric oxidation of the palla- 
dious chloride solution (Found : C, 12-3; H, 3 * 8 Cl, 35*3; Pd, 35*7. 
€ 6H 20ON4Cl6Pd2 requires C, 12-2; H, 3*4; Cl, 36-0; Pd, 36-15%).
T h e  U n i v e r s i t y  C h e m i c a l  L a b o r a t o r y ,
C a m b r i d g e . [Received, December \§th, 1 9 2 5 .]
P r i n t e d  i n  G r e a t  B r i t a i n  b y  R ic h a r d  C l a y  & S o n s , L im it e d ,
BUNGAY, SUFFOLK.
Reprinted from the Journal of the Chemical Society, 1926.
t k .
L X III.—yyy"-Triaminotripropylamine and its Complex 
Compounds with Nickel.
By Frederick George Mann and William Jackson Pope.
The preparation of yy'y"-triaminotripropylamine is similar to  th a t 
of (3 (3' (3'' - triaminotriethylamine, for molten phthal-y-bromopropyl- 
imide on treatm ent with gaseous ammonia gives yy'y"-triphthal- 
imidotripropylamine hydrobromide, which on hydrolysis furnishes 
the required base. Whereas, however, the tertiary  nitrogen atom 
in triaminotriethylamine is so feebly basic th a t the amine may act 
as a tri- or a tetra-acidic base, ;th a t in  triaminotripropylamine, by 
virtue of its greater distance from the prim ary amine groups, is 
strongly basic, and the amine therefore always acts as a tetra- 
acidic base. The strongly basic character of the tertiary  amine 
group in triaminotripropylamine causes the synthesis to follow a 
ra ther different course from th a t of the corresponding ethyl base. 
Ammonia reacts with phthal- [3-bromoethylimide to give triphthal- 
imidotriethylamine, mixed with about 12% of the hydrobromide of 
this base : phthal-y-bromopropylimide, however, gives solely tri- 
phthalimidotripropylamine hydrobromide, and none of the free 
base. The hydrobromide, moreover, is largely contaminated with 
various amorphous by-products, and the yield of the triphthalimido- 
compound is therefore low.
I t  has been shown (preceding paper) th a t nickel succinimide on 
treatm ent w ith triaminotriethylamine gives a mixture of two com-
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plexions, the bivalent triaminotriethylaminenickelous ion, [Ni tren]**, 
in which the m etal shows a co-ordination number of 4, and the 
quadrivalent tristriaminotriethylaminebisnickelous ion, [Ni2 tren3]’*“ , 
in  which the metal has a co-ordination number of 6. Nickel succin­
imide on treatm ent w ith triaminotripropylamine gives, however, 
one complex of the first type only, and the triaminotripropylamine- 
nickelous ion, [Ni trpn]’*, in which the m etal shows a co-ordination 
number of 4, can be precipitated as the thiocyanate. The symbol 
“ trpn  ” is here used to denote one molecule of the tetramine. 
This complex ion is less stable and less strongly electropositive than  
the corresponding ethyl complex ion; the thiocyanate undergoes 
slight decomposition even on recrystallisation from hot water, whilst 
precipitation w ith potassium iodide in the original preparation 
furnishes the hydroxy-iodide of the above complex. The normal 
iodide is prepared by the double decomposition of some far more 
stable salt such as the nitrate.
No complex compound of triaminotripropylamine with nickel or 
w ith platinum  in which the m etal showed a co-ordination number 
of 6 could be isolated. I t  would seem, therefore, th a t the very well 
defined dichlorotriaminotriethylamineplatinic chloride,
[Cl^Pt tren]Cl2, 
has no stable propyl homologue.
E x p e r i m e n t a l .
Triphthalimidotripropylamine Hydrobromide,
( ' c 6 H 4 % % N - C H s , - C H 2 - C H 2 ) 3 N , H B r .
—A stream of dry ammonia gas is passed through molten phthal- 
y-bromopropylimide a t  150° until the product becomes too viscous 
to allow further passage of the gas, the reaction being about twice 
as rapid as th a t w ith phthal-[3-bromoethylimide under like con­
ditions. The cold pale-yellow product (with containing tube) is 
pulverised, and twice extracted w ith boiling alcohol: the residue 
is washed with water, and then recrystallised from hot acetic acid. 
The solution, when filtered and cooled, deposits y y  y " -triphthal- 
imidotripropylamine hydrobromide w ith one molecule of acetic acid 
of crystallisation. This product, when washed w ith acetic acid 
and ether and dried in the air, is pure; on heating, it liberates 
acetic acid a t  100—105°, and finally melts a t  243—244°, i.e., a t 
the melting point of the hydrobromide itself (Found: C, 58*5; 
H , 5*0; Br, 11-4. C35H 350 8N4Br requires C, 58*4; H, 4-9; Br, 
11*1%). The hydrobromide itself can be obtained by heating the 
above product in a vacuum a t 100°, or by crystallisation from a 
large volume of very dilute hydrobromic acid, from which the
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hydrobromide separates in colourless needles, m. p. 243—245° 
(Found: Br, 12*1. C33H310 6]Sr4Br requires Br, 12-1%).
Triphthalimidotripropylamine,(C6H4.’C20 2!N*C3H 6)3N.—The hydro- 
bromide w ith acetic acid of crystallisation (2 g.) is dissolved in 
boiling water (450 c.c.), and to  the clear solution is added a slight 
excess of A-sodium hydroxide (6*0 c.c.). A white precipitate of 
triphthalimidotripropylamine immediately separates, and when 
filtered, washed w ith boiling water, and twice recrystallised from 
alcohol, is obtained in fine needles, m. p. 150—151° (Found: C, 
68-8; H , 5-2. C33H 30O6N4 requires C, 68*5; H, 5*2%).
y y ' y '-Triaminotripropylamine Tetrahydrochloride, 
N(CH2-CH2-CH2-NH2)3,4HC1,|H20 .
—Triphthalimidotripropylamine hydrobromide w ith acetic acid of 
crystallisation (10 g.) and hydrochloric acid (300 c.c., 1 :1  by 
volume) are boiled under reflux. The solution becomes clear in 
about 4 hours, and after 7 hours is chilled, the phthalic acid 
separated, and the filtrate evaporated to small bulk. The te tra ­
hydrochloride is so soluble in water th a t i t  cannot be crystallised, 
and prolonged evaporation of its solution merely gives a syrup : 
the concentrated solution is therefore poured into alcohol, and the 
heavy syrup which separates, solidifies on standing and stirring 
to a crystalline mass of the tetrahydrochloride, which is filtered off 
and washed with alcohol. The tetrahydrochloride is thus obtained 
as slightly deliquescent, white crystals which melt with foaming 
a t 227—229°; the water of crystallisation is not liberated on 
heating in a vacuum a t 100° (Found : *C, 31*1; H , 8-2; Cl, 41-3, 
41-7. C18H 580 N 8C18 requires C, 31*5; H, 8-45; Cl, 41*3%).
Triaminotripropylamine platinichloride,
N(C3H 6-NH2)3,4HCl,2PtCl4,3H20 , 
is prepared in the usual way, and when recrystallised from a little 
water separates in orange-coloured needles (F ound : C, 10-3;
H , 3-2; P t, 36*7; H 20 , 4*9. C9H 340 3N4Cl12P t2 requires C, 10-2; 
H, 3*2; P t, 36-8; 3H20 , 5*1%). The anhydrous m aterial darkens 
a t  250° and melts w ith decomposition a t 257—258°.
Triaminotripropylamine aurichloride,
N(C3H 6-NH2)3,4HC1,4AuC13,3H20 , 
separates when concentrated solutions of the tetrahydrochloride 
and of potassium aurichloride are mixed. I t  is filtered, washed 
w ith water, and dried w ithout recrystallisation; the orange-yellow 
needles, m. p. 191—192° (decomp.), are even more soluble in 
alcohol and acetone than  in water (Found : C, 6*9; H, 2*0; Au, 49*4, 
49*5. C9H 340 31S[4C116Au4 requires C, 6*75; H, 2*1; Au, 49*2%).
Triaminotripropylamine picrate, N(03H 6*NH2)3,4C6H40 7N3,H20 , 
is almost insoluble in the usual liquids, bu t can be recrystallised
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from boiling water, one litre of which dissolves about 1 g. of the 
picrate. The latter separates in pale yellow needles which soften 
a t  190° and melt w ith decomposition a t  222° (Found : C, 35*2; 
H, 3-5. C33H 380 29N 16 requires C, 35-3; H , 3-4%).
Tribenzoyltriaminotripropylamine, N(C3H 6*NH*C(>C6H 5)3, pre­
pared in the usual way, is obtained after three recrystallisations 
from anhydrous acetone as fine, white crystals, m. p. 129—131° 
(Found : C, 72-1; 11,7*2. C30H 36O3N4 requires C, 71-9; H, 7-25%).
The Co-ordination Derivatives of Triaminotripropylamine.
Triaminotripropylaminenickelous thiocyanate, [Ni trpn](SCN)2.— 
The tetrahydrochloride of the base (12-0 g.) is warmed with 33% 
aqueous caustic soda solution (16-0 c.c.) until sodium chloride alone 
remains undissolved : the mixture is then added to a  hot solution 
of nickel succinimide (8-5 g.) in alcohol (250 c.c.). The colour of 
the solution changes rapidly from pale green to  blue. The solution 
is now treated precisely as in  the preparation of the corresponding 
ethyl derivative (p. 483), and the concentrated aqueous solution is 
filtered directly into a cold strong solution of potassium thiocyanate. 
The fine precipitate is filtered off and twice recrystallised from hot 
water, from which the triaminotripropylaminenickelous thiocyanate 
separates on rapid cooling in pale lilac-blue, crystalline leaflets, 
and on slow cooling in long needles of the same colour. The 
difference between these two forms, as in the case of the corre­
sponding ethyl derivative, is apparently solely one of crystalline 
habit (Found : C, 36-6 ,* H, 6-55; Ni, 16-2. Cn H 24N 6S2Ni requires 
C, 36*4; H, 6-7; Ni, 16*2%). The thiocyanate melts a t  260—261° 
with decomposition; i t  is far less stable than  the corresponding 
ethyl compound, and when recrystallised from hot water always 
leaves behind on the filter a small quantity  of an amorphous green 
product, presumably nickel hydroxide.
Triaminotripropylaminenickelous Iodide, [Ni trpn]I2, l |H 20 .—The 
thiocyanate in hot aqueous solution is treated  with a solution of 
the calculated quantity  of silver n itrate, and the product, after 
filtering, evaporated to  small bulk. The cold concentrated solution 
is added to  a cold saturated potassium iodide solution, and the 
crystalline precipitate filtered off and washed with a  little  water, 
alcohol, and ether. The iodide is thus obtained as a fine, 
apple-green, crystalline powder (F ound : I, 48*05; Ni, 11*0. 
C18H 540 3N 8I 4Ni2 requires I, 48*1; Ni, 11*1%).
Triaminotripropylaminenickelous Hydroxy iodide,
[Ni trpn]I(OH),2HaO.
—If the warm concentrated aqueous solution obtained by treating 
nickel succinimide with the amine is mixed with about twice its
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volume of hot strong potassium iodide solution, fine, sea-green, 
crystalline leaflets rapidly appear. These crystals consist of the 
above hydroxyiodide combined with potassium iodide, and have 
the composition 2[Ni trpn]I(0H ),K I,2H 20 . This compound is de­
composed, however, even by cold water, and the preparation of the 
pure m aterial is therefore almost impossible : slight dissociation 
occurs when the crystals are washed even with a little alcohol to 
free them  from mother-liquor, and various preparations always 
give in consequence a low iodine and high carbon value (Found : 
€ , 22-7; H, 5-3; N, 11-0; I, 37-7; Ni, 11*5. C18H 540 4N 8I3NiK 
requires C, 22-0; H, 5-5; N, 11-4; I, 38-7; Ni, 11*9%).
If the mother-liquor after the separation of these crystals is treated 
further with potassium thiocyanate solution, a small precipitate of 
triaminotripropylaminenickelous thiocyanate is obtained.
When the green crystals of the potassium iodide addition product 
are dissolved in  warm water, a deep blue solution is a t  once 
obtained, and, on cooling, deep blue crystals of triaminotripropyl- 
uminenickelous hydroxyiodide, [Ni trpn]I(0H ),2H 20 , separate. The 
hydroxyiodide is quite stable in the presence of water, and can be 
recrystallised repeatedly from boiling water without apparent 
change (Found: C, 25*5; H , 6*3; N, 13*0; I, 29*5; Ni, 13*5. 
C9H 290 3N4IN i requires C, 25*3; H , 6*85; N, 13*1; I, 29*7; Ni, 
13*75%). This compound when heated in a vacuum a t 100° 
readily loses its water of crystallisation, b u t a t  the same time under­
goes slight further hydrolysis, and the anhydrous product is there­
fore never quite pure. When the hydroxyiodide in strong aqueous 
solution is treated wuth strong potassium iodide solution, the sea- 
green crystals of the above potassium iodide addition product once 
again separate, and when recrystallised from water again furnish 
the pure deep blue hydroxyiodide. Moreover, when the hydroxy­
iodide in  aqueous solution is treated with potassium thiocyanate 
solution, a rapid precipitation of triaminotripropylaminenickelous 
thiocyanate occurs, and the la tte r when once recrystallised from 
hot water is pure (Found : N, 23*2. Cn H 24N 6S2Ni requires N, 
23*2%). Aqueous solutions of the hydroxyiodide are distinctly 
alkaline, and on exposure to  air absorb carbon dioxide.
In  view of the ready formation and great stability of dichloro- 
triaminotriethylamineplatinic chloride, [Cl2P t tren]Cl2 (p. 482) m any 
experiments were made to prepare the corresponding propyl deriv­
ative. No definite evidence of the formation of such a compound 
could be obtained, however, and the attem pt was finally abandoned.
T h e  U n iv e r s it y  Ch e m ic a l  L a b o r a t o r y ,
Ca m b r id g e . [Received, December 16th, 1925.]
B r in t e d  i n  G r e a t  B r i t a i n  b y  R ic h a r d  C l a y  &  S o n s , L im it e r , 
B'INGAY, SUFFOLK.
Extracted from the Proceedings of the Cambridge Philosophical Society,
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Metallic Complexes with the Aliphatic Poly-Amines. By Dr 
F. Gr. M a n n  and Prof. Sir W il l ia m  J . P o p e .
[Read 1 February 1926.]
Tbe existence of complex compounds of metallic salts with 
ammonia- was recognised in the early years of last century. 
P latinum  in particular readily unites w ith ammonia, and the early 
chemists, when studying the general chemistry of ammonium 
platino- and platini-chlorides, soon discovered highly crystalline 
ammonia derivatives of platinum  which contained an unusually 
high proportion of the metal. In  the formulation of such com­
pounds difficulties a t  once arose. Thus Peyrone in 1844 knew three 
distinct compounds of the composition PtCl2N2H 6, a pale lemon- 
coloured compound known as the second chloride of Reiset, an 
orange-coloured compound discovered by Peyrone himself, and 
finally a dark green insoluble substance known as Magnus’ green 
salt, discovered by the la tte r in 1828. The existence of these three 
compounds, now known as trans and cis dichloro-diamino- 
platinum  [Pt(N H 3)2Cl2] , and as tetram ino-platinous platinochloride 
[Pt(N H 3)4]PtCl4 respectively, could not be.satisfactorily explained 
on current theories of salt formation. Similar compounds in which 
aliphatic and cyclic mono-amines replaced the ammonia groups 
were discovered later, bu t i t  was not until 1889 th a t Jdrgensen* 
introduced the use of the simplest stable aliphatic diamine, viz. 
ethylene diamine. W ith this amine he prepared the compounds 
now known as 6ffi-ethylenediamine-platinous dichloride
[P t(N H 2CH2CH2N H 2)2]Cl2,
and tri-ethylenediam ine cobaltic trichloride
. [Co(NH2CH2CH2NH2)3]C13.
Although the development of our knowledge of the stereochemistry 
of metallic complex compounds in the hands of Werner and his co­
workers has been based almost solely on the use of ethylenediamine 
and other aliphatic diamines, and of similar divalent acidic groups, 
such as the oxalate and carbonate radicles, yet no further advance 
in  the nse of higher polyamines was made until 1924. A method of 
preparing ajSy-triamino-propane, H 2N CH(CH2NH2)2, in quantity  
was then  worked out by the present authors]', and the triam ine 
was used further to  prepare complex compounds with the heavy
* J. pr. Ch. vol. 39, [2], p. 3 (1889).
f  Mann and Pope, Proc. Boy. Soc. A, vol. 107, p. 80 (1924).
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metals. W ith trivalent cobalt and rhodium, compounds of the 
general type of fris-propanetriamine-cobaltic trichloride,
[Co(NH2CH(CH2NH2)2)2]C13 ,
were prepared, and later similar compounds with divalent nickel 
were isolated. These compounds differ from Jorgensen’s salts in 
th a t two molecules of the triam ine replace three molecules of the 
diamine.
If W erner’s octahedral configuration of metallic complexes 
of co-ordination num ber six be accepted, the above cobalt com­
pound should exist in  three isomeric forms: in these forms the 
two molecules of the triam ine on the conventional system of 
notation occupy the following positions around the octahedron: 
(i) 2 ,1 , 3 : 4, 5, 6, (ii) 2, 1, 3 : 5, 4, 6, and (iii) 1, 3, 6 : 4, 5, 2.
2
4'4
The complex of type (i) possesses a plane of sym m etry and will 
not be resolvable into optically active form s: type (ii) however should 
be so resolvable, whilst the complex of type (iii), if the two mole­
cules of the triam ine are symmetrically disposed about two cube 
planes of the octahedron, should not be resolvable. I t  was found 
in practice, however, th a t  the complex compounds with cobalt, 
rhodium, and nickel were all highly crystalline compounds showing 
no trace of such isomerism, a result due presumably to  the fact 
th a t  the complex of type (i) is probably far more stable than  those 
of types (ii) and (iii), and therefore alone occurs.
A ttem pts were therefore m ade to realise such isomerism by the 
use of other triamines, and recourse was had to  a compound of 
completely different character, viz. /S/T/T'-triaminotriethylamine, 
N(C2H 4NH2)3. This base had been prepared by R istenpart*, who 
showed th a t in this compound the close proxim ity of the prim ary 
amine groups to the tertiary  nitrogen atom  apparently rendered 
the la tte r neutral. The base therefore gave a trihydrochloride, 
N(C2H 4N H 2)3, 3HC1, and acted as a triam ine in  all the derivatives 
which R istenpart prepared. Since moreover no coordination com-
* Ber. vol. 29, p. 2530 (1896).
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pound of an aliphatic tertiary  amine had been recorded, i t  was 
expected th a t  the  base would give with cobalt a compound of the 
type &is-triaminotriethylamine-cobaltic trichloride,
[Co(N(C2H 4N H 2)3)2]C13.
Investigation showed, however, th a t  the base can act as a weak 
tetram ine, giving with strong hydrochloric acid an unstable 
tetrahydrochloride, N(C2H4NH 2)3, 4HC1, H 20 , and a num ber of 
simple derivatives in which the amine thus acts as a tetram ine 
were described*. I t  was found, moreover, th a t the base coordinated 
with metals always as a tetram ine, and gave with tetravalent 
platinum  of coordination num ber six the compound dichlorotri- 
aminotriethylam ine-platinic dichloride, [Cl2PtN(C2H4NH2)3]Cl2. 
This dichloride is the first complex compound containing an ali­
phatic tetram ine to  have been prepared: it  is moreover the first 
recorded compound in  which an aliphatic tertiary  nitrogen atom  
occupies a coordination position. W ith divalent platinum  and 
divalent palladium, both of coordination num ber four, the te tra ­
mine gives compounds of the type of triam inotriethylam ine 
platinous di-iodide, [PtN(C2H 4N H 2)3]I2. Since no trace of a co­
ordination compound in which the base acted as a triam ine could 
be discovered, the question of the isomerism of such compounds 
did not arise.
In  the case of the above compounds of divalent platinum  and 
palladium, in  which the m etal shows a coordination num ber of 
four, i t  was considered th a t less strain  upon the tetram ine molecule 
would result if two molecules of the base shared two atoms of 
platinum , giving a compound of formula [P t2(N(C2H4NH2)3)2]I4. 
The compounds of platinum  and palladium, being almost insoluble 
in cold water, were however ill suited to molecular weight deter­
minations, and an investigation of the nickel complex salts was 
therefore undertaken. D ivalent nickel m ay show a coordination 
num ber of four or of six, giving thus tetrammino-nickelous sulphate 
(iv) and hexammino-nickelous di-iodide (v). W ith triam inotriethyl­
amine, complex salts of similar type were prepared, viz. t r i ­
am inotriethylam ine nickelous sulphate (vi) in which the m etal has
(iv) [Ni(NH3)4]S04, (v) [Ni(NH3)6]I2,
(vi) [Ni N(C2H 4N H 2)3]S04, (vii) [Ni2(N(C2H 4NH2)3)3]I4.
a coordination num ber of four, and im-triaminotriethylamine-fo's- 
nickelous tetraiodide (vii), in which the m etal has a coordination 
num ber of six, three molecules of the tetram ine sharing two 
atoms of nickel for this purpose. Triam inotriethylam ine nickelous 
sulphate (vi) is thus of the same general type as the above com­
pounds of divalent platinum  and palladium, and being freely
t  Mann and Pope, Proc. Boy. Soc. A, vol. 109, p. 444 (1925).
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soluble in water lent itself to molecular weight determinations. 
The monosulphate of formula
[Ni N(C2H4NH2)3]S04
has a molecular weight of 300-9, and in dilute solution if ionisation 
is complete an “ ap p aren t” molecular weight of 150-4, whereas the 
disulphate of formula [Ni2(N(C2H4NH2)3)2](S04)2 has a molecular 
weight of 601-8 and in solution an “ ap p aren t” molecular weight of 
200-6. The actual results obtained by the cryoscopic m ethod in 
water are:
Concentration (grams 
anhydrous sulphate 
per 100 grams water)
“Apparent” 
molecular weight
•422 160 (157*)
1-32 173
1-79 180
3-23 218
These results provide strong evidence th a t the sulphate has the 
simple formula [N itren ]S 04, and th a t the “ ap p aren t” molecular 
weight approaches 150 a t great dilution, increasing as the concen­
tration  increases and the degree of ionisation falls. The fact th a t 
the equivalent conductivity of the sulphate a t  various dilutions 
approaches very closely to  th a t of nickel sulphate itself, N iS04, 
confirms the simple formula.
The nickel compound of coordination num ber six (vii) repre­
sents a novel type of di-complex salt, in which two ethylene residues 
act as bridging groups between the  two nickel octahedra. I t  is 
difficult to see how such a complex can be other than  dissymmetric, 
vet all attem pts to  resolve the tetraiodide failed. This result is in 
harm ony w ith previous experience, since no record has yet ap ­
peared of the resolution of a complex nickel compound.
A second aliphatic tetram ine, yy'y"-triam inotripropylam ine, 
N(C3H 6N H 2)3, has also been prepared. In  this substance, the 
tertiary  nitrogen atom, by virtue of its greater distance from the 
prim ary amine groups, is strongly basic, and the compound, in 
both its simple and its complex compounds, acts therefore solely 
as a tetram ine. W ith nickel, i t  gives coordination derivatives 
of the type of triam inotripropylam ine nickelous dithiocyanate, 
[Ni N(C3H 6NH2)3]($CN)2, in which the m etal shows a coordination 
num ber of four. No complex compounds, either of nickel or of 
platinum , in  which the m etal shows a coordination num ber of six, 
could however be isolated.
* Calculated value, correct to only two significant figures.
R ep rin ted  fr o m  th e  J o u rn a l of th e  C h em ica l S o c ie ty , 192S.
CCCLII.—The Configuration of the Bistriaminopropane 
Metallic Complexes.
By F r e d e r ic k  G e o r g e  M a n x  a n d  W il l ia m  J a c k so n  P o p e .
W e  have previously described (Proc. Roy. Soc., 1925, 107, A , 80) a 
method by which a|3y-triaminopropane, NH 3'CH2’CH(NH2)'CH2‘NH2, 
can be prepared expeditiously and in high yield, and we have shown 
furthermore th a t this triamine co-ordinates with cobalt and 
rhodium to give complex compounds of the type of bistriamino- 
propanecobaltic chloride, [Co{NH2*CH2*CH(NH2)-CH2“N H 2}2]G13, a 
compound in which two molecules of the aliphatic triamine have 
replaced the six molecules of ammonia in hexamminocobaltic 
chloride, [Co(NH3)6]Cl3. On the basis of Werner’s octahedral 
configuration of the hexamminocobaltic complex, it  will be seen 
th a t the bistriaminopropanecobaltic complex should exist in three 
distinct isomeric forms. In  the first two forms (I and II, where 
the position of the triamine molecules is indicated by the thick 
lines), each molecule of the triamine is bent a t an angle of 60° about 
the central carbon atom, so th a t the three amino-groups become 
attached to the three corners of a triangular octahedron face : in 
the third form (III), the triamine molecule is bent a t an angle of 
90° about the central carbon atom, the three amino-groups being 
thus attached to  the three corners of the square cross-section of the 
octahedron. The first isomeride has the two molecules of the tr i­
amine occupying the 2, 1, 3 :4 , 6, 5 positions (I), and the complex 
possesses therefore a plane of symmetry, and is not resolvable into 
optically active forms. The second isomeride has the triamine 
molecules in the 2, 1, 3 : 5, 4, 6 positions (II) and is therefore dis­
symmetric and should be capable of resolution into optically active 
forms. In  the third isomeride—of completely different type from 
the former two—the triam ine molecules occupy the 1, 3, 6 : 4, 5, 2
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positions (III). This form would appear to  have a plane of sym­
metry through the square cross-section 1, 3, 6, 5, of the octahedron.
i i i
4
is:
Further consideration shows, however, th a t actually the triamino- 
propane molecules would not be placed symmetrically to the two 
cube planes of symmetry of the regular octahedron, because the 
central co-ordinating amino-group should give a lateral displacement 
to the central carbon atom, thus preventing the triamine molecule 
from coinciding with the cube plane of symmetry. This is shown in 
(IV), where the actual positions occupied by the central carbon atom 
and by the hydrogen atom and the amino-group attached to i t  are 
depicted. This lateral displacement of the central carbon atom by 
the (3-amino-group would destroy the symmetry of the third iso­
meride, which should therefore also be resolvable into optically 
active forms. In  the first isomeric form (I), this lateral displace­
m ent of the central carbon atom (at the 1 and 6 positions, respec­
tively) occurs in the plane of symmetry, which is thus not affected.
Triaminopropane has now been co-ordinated with tervalent 
cobalt, tervalent rhodium, and bivalent nickel. The simple salts 
of the complexes so formed are in all cases highly crystalline, stable 
compounds, in which no trace of the above isomerism could be 
detected by macroscopic examination. I t  is therefore highly 
probable th a t one of the three isomerides is very much more stable 
than  the other two, and is always formed to  the almost complete 
exclusion of these. A somewhat similar case has recently been 
described by Morgan and Main Smith (J., 1925,127, 2030), who have 
co-ordinated ethylenediaminobisacetylacetone with co.balt to give 
diamminoethylenediaminobisacetylacetonecobaltic monochloride. 
Here the substituted ethylenediamine occupies four of the six 
co-ordination positions, and the complex so formed should exist in 
one symmetric and in two dissymmetric isomeric forms. The 
latter two were in this case actually isolated, but each passed rapidly 
into the symmetric and therefore more stable form : moreover, the 
presence of the latter stable form in the laboratory a t once prevented 
further preparation and isolation of the dissymmetric and optically 
active isomerides.
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Spatial considerations would indicate th a t triaminopropane, 
when co-ordinated to the three corners of a triangular face of the 
octahedron, should give a more stable arrangement than when co­
ordinated to the three corners of a square cross-section. Isomerides I  
and I I  are therefore probably far more stable than III , and of these 
two the first, as the symmetric form, is in tu rn  more stable than the 
second. We therefore consider it  highly probable th a t all the 
complex salts of this triamine which we have prepared consist almost 
exclusively of the isomeride having the configuration I, the two 
molecules of the triamine occupying the 2, 1, 3 and the 4, 6, 5 
positions, respectively.
The only evidence of the existence of isomeric forms th a t we have 
been able to obtain is th a t bistriaminopropaneeobaltic d-camphor-P- 
sulphonate, after repeated crystallisation, does furnish a very faintly 
active chloride. The more soluble fractions, however, when recon­
verted into the iodide, give • a Z-camphorsulphonate which, after 
fractional crystallisation, furnishes a completely inactive chloride. 
This would suggest th a t the symmetric cobalt complex of con­
figuration I  m ay contain a very small proportion of a dissymmetric 
isomeride, probably of configuration II, bu t th a t this second iso­
meride is very easily either converted into the symmetric form or 
eliminated by fractional crystallisation.
Fractional crystallisation of the d-a-bromocamphor-Ti-sulphonate 
gave a completely inactive chloride. Werner found th a t the camphor - 
and bromocamphor-sulphonates of the metallic complexes fre­
quently separated in mixed crystals, and to resolve, for example, 
the tris-aa'-dipyridylferrous complex and the trisethylenediamine- 
rhodium complex, he had recourse to fractional crystallisation of 
their chlorotartrates (Ber., 1912, 45, 433, 1228), and in the case of 
the trisethylenediaminechromium complex, to  fractional crystal­
lisation of the camphor-a-nitronate {ibid., p. 865). No crystalline 
chlorotartrate of the bistriaminopropaneeobaltic complex could, 
however, be prepared, whilst fractional crystallisation of the camphor- 
a-nitronate gave no resolution.
The stability of the bistriaminopropane metallic complex is 
further shown by the fact th a t it  is formed even when the metal is 
treated with only one molecule of the base, half the available metal 
thus not entering into combination with the amine under these 
conditions. Thus monochloropentamminoeobaltie chloride, when 
treated with one molecule of the base, gives bistriaminopropane - 
cobaltic chloride, and not triamminomonotriaminopropanecobaltic 
chloride, whilst nickel succinimide under similar conditions also 
gives solely the bistriaminopropanenickel salt.
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In  the formulae of the following co-ordination compounds, the 
symbol “ p tn  ” is used to denote one molecule of triaminopropane.
Improved Preparation of Bistriaminopropaneeobaltic Chloride, 
[Co p tn2]Cl3.—A solution of triaminopropane trihydrochloride (20 g.) 
in 15% aqueous sodium hydroxide (71-4 c.c.) is added to a m ixture 
of water (50 c.c.) and monochloropentamminocobaltic chloride 
(10 g.) or the equivalent quantity  of monoaquopentamminocobaltic 
chloride. The whole is warmed on a water-bath for 3 hours, 
ammonia being freely evolved, and is then concentrated to small 
bulk, made just acid with hydrochloric acid, and filtered. The 
filtrate can be used for the preparation of most salts of the complex. 
Further evaporation gives the crystalline bistriaminopropane- 
cobaltic chloride, whilst treatm ent with potassium thiocyanate 
solution gives the thiocyanate, [Co ptn2](SCN)3, which on recrystal­
lisation from water is obtained in pale brown prisms, m. p. 286— 
288° (decomp.) (Found : C, 26-3; H, 5-4. C9H 22N9S3Co requires C, 
26-3; H, 5-4%). The bistriaminopropaneeobaltic complex, is 
isolated in best yield by precipitation with potassium iodide as the 
far less soluble iodide, which we have already described (loc. cit.).
Bistriaminopropaneeobaltic d-camphor-$-sulphonate,
[Co ptn2](C10H 15O S 0 3)3, 
is of interest since it furnishes the only evidence so far obtained th a t 
the cobalt complex m ay contain a very small proportion of a dis­
symmetric isomeride. Aqueous solutions of the iodide of the 
complex and of the requisite amount of silver ^ -camphor-{3-sulphonate 
were boiled together, the silver iodide was filtered off,. and the 
solution evaporated to small bulk. The solution could not be 
induced to crystallise and finally gave a thick syrup. This was 
dried in a vacuum, and the product recrystallised four times from 
absolute alcohol. The camphor-$-sulphonate was thus obtained 
in orange-yellow crystals containing a molecule of alcohol of crystal­
lisation (Found : C2H 5-OH, 4-85. [Co p tn2](C10H 15SO4)3,C2H 5-OH 
requires C2H 5*OH, 4-7%. Found for the alcohol-free m ate ria l: 
C, 46-2; H, 7*45. C36H 670 12N 6S3Co requires C, 46-4; H, 7-3%}. 
The alcohol-free material, which is markedly hygroscopic, shrinks 
a t about 265° and finally melts a t 285—286° (decomp.). A 2-960% 
aqueous solution had a  +  1-03° (I =  2), whence [a ]  =  +  17-4° and 
[ i f ]  =  +  162°.*
Some of this m aterial was dissolved in a minimum of water and 
a considerable excess of concentrated pure calcium chloride solution 
added. To the clear mixture was added a large quantity  of alcohol;
* A ll ro ta tion s g iv en  in  th is  paper are for th e  m ercu ry  y e llo w  lin e  (A =  5780).
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the precipitated bistriaminopropaneeobaltic chloride, after being 
washed with warm alcohol and dried, was pure (Found : C, 20-8; 
H, 6-5. Calc, for C6H22N 6C13Co : C, 20-9 ; H, 6-45%). For rotation 
measurements, only a short length of the very dilute orange-coloured 
solution could be used, otherwise the high absorption of light 
rendered accurate measurement impossible. A 3-088% solution of 
the chloride gave a  -j- 0-22° (Z =  2), whence [a ]  =  +  3-6°. The 
cZ-camphorsulphonate, when recrystallised from alcohol nine times, 
possessed the same melting point as above, and in 3-072% aqueous
solution gave a  +  1-10° (I — 2), whence [a ]  =  +  17-9° and
[-M] — +  166°. The chloride obtained from this product was also
faintly active, since a 5-452% aqueous solution gave a +  0-29° 
(Z =  2), whence [a ]  =  -j- 2-7°. The cZ-camphorsulphonate remaining 
in the alcoholic mother-liquor from the nine recrystallisations was 
now recovered and converted into the iodide, and the latter was 
once recrystallised from water and then converted as before into 
the Z-camphor- (3-sulphonate. The latter was recrystallised four 
times from alcohol; the alcohol-free m aterial began to  shrink a t 
about 265° and melted a t 287—288° (decomp.). A 2-965% aqueous 
solution gave a  — 1-03° (Z =  2), whence [a ]  =  — 17-4° and
[Jf] =  — 162°. This m aterial gave, however, a completely 
inactive chloride.
These results were repeated, and once again the d-camphor- 
sulphonate prepared from fresh iodide gave a faintly dextrorotatory 
chloride, bu t the Z-camphorsulphonate, obtained by working up the 
mother-liquors via the iodide, gave an inactive chloride.
These results would indicate th a t the bistriaminopropaneeobaltic 
complex does actually contain a very small proportion of a dissym­
metric isomeride, probably having the configuration (II), and it is 
to the presence of this isomeride th a t the faint dextrorotation of the 
above chloride is due. This dissymmetric compound would be less 
stable and more soluble than  its symmetric isomeride, and it  is 
either converted into the latter or is left in solution when the d- 
camphorsulphonate residues are converted into the iodide, the latter 
recrystallised, and converted into the Z-camphorsulphonate.
Bistriaminopropaneeobaltic d - a - Bromocamphor - n - sulphonate,
[Co ptn2](C10H 14SO4Br)3.—This was obtained in the usual way by 
the interaction of the iodide of the complex and the silver salt of 
the sulphonic acid. The concentrated aqueous solution of the sul­
phonate m ust be allowed to  cool very slowly to  obtain a crystalline 
deposit. The latter was recrystallised four times from water and 
was then obtained as a pentahydrate (Found : C, 34-3; H, 6-0. 
C36H 640 i2N 6Br3S3C°,5H20  requires C, 34-4; H, 5-9%). The 
pentahydrate, when confined over calcium chloride a t atmospheric
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pressure for several days, gives a dihydrate, which is stable unde 
these conditions (Found : C, 35*7; H, 5-6; H 20 , 3-1.
'^36- '^64^12-^6®r3®3^ '05^®'2^
requires C, 35-9; H, 5*7 ;*2H20 , 3-0%). A 3-305% aqueous solution 
of the anhydrous sulphonate gave a -f- 4-98° (I — 2), whence 
[a] == +  75-3° and [Jf] =  +  880°. The anhydrous sulphonate 
melts a t 266—267° (decomp.). When the final crop of the sul­
phonate was mixed in strong aqueous solution with calcium chloride 
and the whole diluted with alcohol, the precipitated chloride of the 
complex was quite inactive.
jBistriaminopropaneeobaltic d-Camphor-a-nitronate,
[Co p tn2](C10H 14O-NO2)3.
—A solution of the chloride of the complex (7-0 g.) in water (80 c.c.) 
was mixed with a solution of ammonium nitrocamphor (14 g.) in  
water (100 c.c.). The pale yellow product which rapidly separated 
was recrystallised five times from water, and, when dry, was obtained 
in yellow, crystalline scales, m. p. 242—-245° (decomp.) (Found: 
C, 52-2; H, 7-7. C36H 640 9N9Co requires C, 52-3; H, 7-8%). An 
aqueous solution of the fifth crop of the camphornitronate gave an 
inactive bromide of the complex. .
A ttem pts were made to  prepare the chlorotartrate of the cobalt 
complex by shaking an aqueous solution of the chloride with silver 
ta rtra te  (1 mol.). The filtered solution was evaporated to small 
bulk and finally in a vacuum over sulphuric acid. A small crop of 
the chloride itself then separated, bu t no further crystalline product 
could be isolated.
Bistriaminopropanenickelous Iodide, [Ni p tn2]I2.—Triaminopro­
pane trihydrochloride (11 -4 g.) dissolved in warm 33 % aqueous sodium 
hydroxide (16-4 c.c.) was added to a hot solution of nickel succinimide 
(6-0 g.) in alcohol (180 c.c.). The solution, which rapidly became 
reddish-blue, was evaporated to small bulk with the occasional 
addition of water until no alcohol remained. I t  was then added to 
saturated aqueous potassium iodide solution : the red precipitate, 
on recrystallisation from hot water, gave bistriaminopropanenickelous 
iodide as pale red, crystalline scales, which, when heated, darken 
a t about 290° but do not melt below 300° (Found : C, 14-8; II, 4-6; 
I, 51-8; Ni, 11-9. C6H22N 6I2Ni requires C, 14-7; H, 4-5; I, 51-7; 
Ni, 12-0%).
Bistriaminopropanenickelous Sulphate Pentahydrate,
[Ni p tn2]S04,5H20.
—H ot aqueous solutions of the iodide (9-0 g.) and silver sulphate 
(5-7 g.) were mixed, filtered, and evaporated to very small bulk. 
On cooling, the hydrated sulphate separated as deep red crystals 
(Found : 0,16-9; H, 7-6; S04, 23-0; H aO, 21-2. C6H 220 4N 6SNi,5H20
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requires C, 17-0; H, 7-6; S 04, 22-7; 5H20 , 21-3%). The sulphate 
loses its water of crystallisation readily a t 90° in a vacuum, and the 
anhydrous sulphate does not melt below 300°. The filtrate from 
the recrystallisation of the sulphate was diluted with alcohol until 
a faint turbidity  appeared; a further crop of the pentahydrate then 
separated slowly in large, deep red crystals (Found : S 04, 22-7%).
Many attem pts were made to prepare triamminotriaminopropane- 
cobaltic chloride, [Co(NH3)3ptn]Cl3, by treating roseo- and purpureo- 
cobalt chloride with one molecular proportion of the base : these 
experiments always gave, however, the bistriaminopropaneeobaltic 
salts, the remainder of the m etal separating as the hydroxide. 
Similar experiments were made with nickel succinimide with the 
object of preparing salts in which the metal would show a co­
ordination number of 4, such as aquotriaminopropanenickel chloride, 
[NiH20  ptn]Cl2, or of 6, such as triamminotriaminopropanenickel 
chloride, [Ni(NH3)3 ptn]Cl2 : these experiments also always gave the 
bistriaminopropanenickel salts and a residue of a simple basic nickel 
salt.
Triaminopropane Dihydrochloride Monohy dr iodide, 
C3H 5(NH2)3,2HC1,HI.
—This mixed salt of the triamine is here placed on record. When 
a highly concentrated aqueous solution of triaminopropane trihydro­
chloride is treated with saturated potassium iodide solution, the 
dihydrochloride monohydriodide slowly separates. I t  crystallises 
from water in fine, white crystals, m. p. 303—304° (decomp.), 
which are very soluble in water (Found : C, 12-7; H, 4-9; N, 14-3; 
2C1 +  I, 68-4. C3H 14N3C12I  requires C, 12-4; H, 4-9; N, 14-5; 
2C1 +  I, 68-2%). p p' p'' - Triaminotriethylamine trihydrochloride 
under similar conditions gives the monohydrochloride dihydriodide 
of the base (Mann and Pope, Proc. Roy. Soc., 1925, 109, A, 449).
T h e  U n i v e r s i t y  C h e m i c a l  L a b o r a t o r y ,
Ca m b r i d g e . [Received, August 3(Wi, 1926.]
P r i n t e d  i n  G r e a t  B r i t a i n  b y  R ic h a r d  C l a y  & S o n s , L im it e d ,
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